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A STUDY OF THE NORMAL CONSTITUENTS OF THE 

POTABLE WATER 
OF THE SAN FRANCISCO PENINSULA 

A knowledge of the normal constituents of natural water supplies 
is of especial importance in regions where the surface water is used 
extensively for drinking purposes, and where the population is increas- 
ing rapidly. The San Francisco peninsula is just such a region. Omit- 
ting altogether the consideration of the city of San Francisco itself, 
which draws its supply of potable water from many sources and from 
varying distances, the inhabitants of a large part of the peninsula de- 
pend upon streams, springs, and catchment reservoirs for their drinking 
water. At the same time the population is increasing so rapidly that in 
many places the present supplies are becoming inadequate. Even in the 
southeastern part of the peninsula, which is generously supplied with 
deep artesian water, the time when the present source will be overtaxed 
is not very distant. As a consequence of this increased tax on the sup- 
plies of water the danger of pollution will become greater ; for with the 
increased population will come greater difficulty in finding streams with 
uninhabited watersheds, and with the increased draft on the wells will 
come greater danger of contamination from even distant sources of 
pollution. When these conditions have been realized, in order that a 
change for the worse may be recognized, and any threatened pollution 
guarded against, it will be of the utmost importance to know what were 
the normal constituents of the various supplies at a time when their 
purity was unquestioned. It was to furnish this needed knowledge that 
this study was undertaken. 

The object in view has been to determine, for the region selected, 
just what are the normal constituents of the potable water supplies at 
different seasons of the year from the sanitary point of view, so that 
when in the future the purity of a certain supply is in question, data may 
be at hand which will be of fundamental importance in reaching a correct 
conclusion.* 



♦This investigation is an extension of the work done by Mr. Dane M. Greer, 
and presented in his thesis, entitled "A preliminary chemical survey of the waters of 
the eastern hydrographic basin of the San Francisco peninsula." 
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The considerations which have been outlined are not by any means 
restricted to this locality, but apply to the whole country. What has been 
done here on a small scale, should be done everywhere on a larger scale. 
In Massachusetts the State Board of Health did similar work for the 
whole state, and since then it has been done for other of the eastern 
states. In California nothing of this sort has been done systematically. 
The need however is just as great, and the opportunity offered by the 
large supplies of still clearly unpolluted water is greater, and it is to be 
hoped that the State will undertake the work while the results will still 
be of the greatest value. 

When a water supply is considered chemically with the object of 
determining its potability, that is from the sanitary, and not from the 
industrial point of view, two points should be borne in mind. First, that a 
knowledge of every individual substance in the water is neither re- 
quired nor possible to obtain. Second, that it is very seldom that the 
substances determined in the water themselves, but rather the poUution 
which their presence in abnormal quantities indicates, that renders it 
unfit for human consumption. In other words the chemical analysis 
simply indicates, by the abnormal dutracter of the constituents, that a 
certain water is, or has been, exposed to pollution, and is therefore not 
safe for use as a drinking water unless the absence of disease carrying 
bacteria can be demonstrated. Furthermore, if the chemical analysis of a 
water indicates that it has been exposed to pollution in the past, and the 
bacteridogical examination shows absence of immediate danger, the 
safety of the supply is in doubt, until such precautions are taken as will 
guard against infection in the future. It is then of importance to know 
the content of a water with regard to those particqlar constituents which 
signify pottution. 

The constituents which are significant have been determined by 
experience. The most obvious of them is organic matter. No satis- 
factory method for determining directly the amount present is known, so 
that a number of indirect methods are in use. First the free ammonia is 
determined. Ammonia is known to be one of the final products of the 
decay of nitrogeneous organic matter, and an excessive amount of it in a 
water indicates that such decay is actually taking place. Next the so- 
called ^'albuminoid ammonia'' is determined. This furnishes a measure 
of the nitrogeneous organic matter, the nitrogen of which is not ]ret com- 
pletely converted into ammonia. Then the nitrites and the nitrates are 
determined. The former are an intermediate step in the oxidation of the 
organic matter by the ''bacteria of nitrification," and their presence indi- 
cates this oxidation to be actually in progress; At latter are the final 
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products of this oxidation, and indicate the amount of orgatntc matter 
which has been thus oxidized and not yet absorbed as food by linng 
vegetable organisms. Two possible errors must be avoided in the con- 
sideration of the significance of the organic matter. One is that its 
absence may only indicate that it has decayed, been oxidized, and com- 
pletely absorbed by plants, while the disease carrying bacteria intro- 
duced with it are still alive; and the other is that, though present in 
great quantity, it may be of purely vegetable origin and not necessarily 
injurious from a sanitary point of view. 

Another determination sometimes made is that of the "oxygen con- 
sumed.'' This gives a measure of the amount of potassium perman- 
ganate which the water is able to reduce under certain conditions, and 
the amount is usually approximately proportioned to the "albuminoid 
ammonia'' in the same water. The exact determination of this value is 
so largely dependent on the conditions under which it is made, and its 
significance differs so little from that of the "albuminoid ammonia," that 
it has not been included in this investigation. 

A less direct indication of pollution is furnished by the chloride 
content of the water. Sewage contains large amounts of common salt; 
this salt is not affected by any of the processes of decay and subsequent 
oxidation of the organic matter, nor is it absorbed by plants ; it is readily 
soluble, and once introduced is very sure to remain in the water until the 
latter is evaporated. Hence a very large salt content may indicate that at 
some time the water has been polluted. There is, however, one impor- 
tant fact which modifies this conclusion, and that is that there is a certain 
normal chloride content for every water supply. This normal content 
can be determined for a region, and then any excess of chlorides above 
the normal is significant. In Massachusetts the State Board of Health 
found that the normal chloride content varied witii the distance ffx>m 
the Atlantic ocean, and was able to draw curves ("iso-chlors") on a map 
of the state which indicate tiie normal value in every locaK^. Similar 
work has been carried out in other states. The value of a chloride deter- 
mination depends therefore on a knowledge of the normal value for the 
locality in question. 

The hardness of a water, and die amount of residue left when it is 
evaporated, are also constituents which are generally determined. The 
hardness has more industrial than sanitary significance, but, since a 
drinking water is generally used for laundry purposes, it is a factor 
which comes within die scope of this investigation. The amount of 
residue left on evaporation serves as a check on the other determinations, 
and discloses any abnormal amount of inorganic matter present Other 
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less important observations which are made systematically include the 
odor, color, turbidity, and sediment. 

The interpretation of the results of an analysis is made difficult by 
the absence of any fixed standards of purity. Such factors as character 
of source, seasonal variation, topography of the region, climate, and the 
sanitary conditions of the immediate surroundings must all be considered. 
Thus the local conditions as well as the local standards must be known if 
the interpretation is to be of value. The furnishing of these local stand- 
ards and their interpretation with reference to the topography, climat- 
ology, and sanitary condition of the locality, have been the main objects of 
this investigation. 

This investigation covers the greater part of the San Francisco 
peninsula. On the eastern slope the northern boundary is given by a 
line extending west from Baden, not including the watershed of Lake 
Merced, and the southern boundary by the watershed between the Guad- 
aloupe and Coyote rivers south of San Jose. On the western slope the 
boundaries are Salt Valley on the north, and the watershed between 
Pescadero and Butano creeks on the south. The area on the eastern side 
is about three hundred and eighty-five square miles, on the western two 
hundred and ninety, making a total of approximately six hundred and 
seventy-five square miles. The range of mountains which divides the 
peninsula into the eastern and western slopes varies in height from about 
six hundred feet at the northern boundary to about twenty-seven hundred 
feet at the southern. Parallel with this main ridge are numerous similar 
ridges of varying lengths and elevations. These are all the result of 
numerous, geologically recent, displacements. The main fault line of the 
San Francisco earthquake of 1906, traverses the peninsula from north to 
south in a direction approximately parallel to that of the main ridge. 
There is very little timber standing on the eastern slope of the mountains, 
the ground is largely covered with a heavy growth of shrubbery, the 
foot-hills are pasture lands, or are cultivated, and the floor of the valley 
is under cultivation as far as the marshes which border the bay. The 
western slope varies from pasture land at the northern end, to dense 
forests with a large amount of standing redwood timber near the 
southern boundary. The soil is largely loose or sandy, with considerable, 
irregular, beds of clay. On the east the land below the foothills is devot- 
ed to the raising of fruit, vegetables, hay and grain, while on the west 
the portion which is not wooded is used almost exclusively for pasture 
lands in connection with large dairies. A small strip along the ocean at 
the northern end of the western area is used for vegetable raising; 
mostly for artichokes, for which the climate seems peculiarly adapted. 
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The climate of the peninsula is typical of that of the central and 
southern California coast. There is a long dry season during the sum- 
mer months, which is followed by light rains in the autumn, and then, 
during the winter, by a prolonged period of heavy rainfall. In the Santa 
Clara valley, that is on the eastern slope, the rainfall increases from San 
Jose at the southern end to San Francisco at the northern. Thus the 
mean annual rainfall at San Jose is 14.88 inches,'^ at Menlo Park 16.43 
inches, at San Mateo 20.71 inches, and at San Francisco 23.00 inches. 
More than half of the annual rainfall occurs during the months of 
December, January, February and March. Rain during July and August 
is almost unknown. The annual rainfall, except in San Francisco, is 
very seldom less than ten inches, or more than twenty. A fair example 
of a normal year is given by the record obtained at Menlo Park in 1895. 
The precipitation by months was as follows: 

Jan. Feb. Mch. Apl. May June July Aug. Sept. Oct. Nov. Dec. Total 

7.12 1.59 2.30 1.44 0.36 0.00 0.00 0.00 0.00 1. 16 1.45 1. 13 — 16.55 

The wide variation in the rainfall within this comparatively small 
area is very marked. There are two small areas where the annual rain- 
fall reaches fifty inches, one at Lake Pilarcitos near the northern bound- 
ary of the field of investigation, and the other at the head waters of 
Boulder and San Lorenzo creeks, south of Black Mountain, and just 
beyond the southern boundary of the field, t At San Mateo, where the 
peninsula is about ten miles wide, the annual rainfall is twenty inches. 
Westward it increases to the maximum of fifty inches at Lake Pilarcitos, 
and drops again to twenty inches at the ocean shore. At Palo Alto the 
mean annual rainfall is about sixteen inches, at Searsville reservior, only 
five miles westward, it is about thirty-five inches. In general the rainfall 
on the western slope is greater than that on the eastern ; and that along 
the ridge is from two to three times that in the Santa Clara valley. The 
rainfall for the seasons during which this work was carried out was, for 
1906-1907 20.77 inches, and for 1907-1908 12.14 inches at Palo Alto 
where the mean annual rainfall for twelve years is 15.87 inches, t The 
same relation between the rainfall for these seasons and the average 
value, which exists at Palo Alto, may be considered to apply throughout 

* "Climatology of California," by A. G. McAdie : Bulletin L, U. S. Depart- 
ment of Agriculture, Weather Bureau. 

t "Rain and Run-off near San Francisco, California," by C. E. Grunsky : Proc. 
Am. Soc. of Civil Eng. 34: 339 (April, 1908). 

t These data were very kindly supplied by Mr. John A. Squire, Displayman 
U. S. Weather Bureau, at Palo Alto. 
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the whole region. It will be noted that the season 1906-1907 had a rain- 
fall well above the average, and the season 1907-1908 one somewhat 
below. 

The summer "trade winds" introduce another very important factor. 
These winds blow from the northwest throughout the summer months, 
day after day, with great regularity, and with considerable force. One 
result of this is seen in the very marked bending of the trees in exposed 
places towards the southeast. Another result is observed in the fog and 
spray carried off the ocean towards the land. These strong, dry winds, 
sweeping over an ocean covered with "white caps," and over an almost 
unbroken line of heavy surf, pick up the spray thrown into the air, evapo- 
rate the moisture, and carry the salty residue in the form of an impalp- 
ably fine dust. This dust is eventually deposited on the ground, particu- 
larly in the more exposed places, and adds especially to the chloride 
content of the neighboring streams."^ 

The fog conditions throughout the area are also peculiar. The daily 
"trade winds" during the summer often bring a heavy bank of fog off 
the ocean towards the land, whose progress is checked by the main 
ridge of the peninsula, and from which the eastern slope is well pro- 
tected. Thus the two sides are exposed to very different climatic con- 
ditions. The influence of these factors on the normal chloride content of 
the waters will be considered more in detail after the data collected have 
been presented. 

The population of the area outside of the towns and villages is very 
small. Most of the towns are located either along the shore of the ocean 
or of the bay. An estimate of the population in the mountainous part, 
that is on the watersheds of the streams, indicates that it does not ex- 
ceed eight per square mile. This is an average value, for a large number 
of the watersheds are totally uninhabited. 

This study has been confined almost entirely to surface waters ; that 
is to streams, springs and catchment reservoirs. Some work has been 
done on the wells, but they have not been covered at all thoroughly as 
they belong in a class by themselves which it is planned to consider in a 
separate investigation. The great majority of the wells in this area are 
located on the floor of the valley in the southeastern region. In the foot- 
hills on the eastern slope there are some wells sunk near the beds of the 
streams, to tap the underground flow, but most of the inhabitants de- 
pend upon streams, springs, and catchment reservoirs. On the western 

*The large amounts of salt which may be transported in this way have been 
mentioned by £. Dubois: Haarlem. Arch. Mus. Teyler (2) 10, IV: 461 [Chemical 
Abstracts 1907: 1528]. 
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side of the mountains there are almost no wells except in the small towns 
close to the ocean where there are no available streams or springs. 

The constituents of normal water supplies which are most signifi- 
cant from the sanitary point of view have been determined. These are the 
free and "albuminoid" ammonia, nitrites, nitrates, chlorides, hardness, — 
permanent and temporary, — total solids, change of residue on ignition, 
color, odor — ^in both the cold and the heated sample — ^turbidity, and sedi- 
ment. In a number of cases the chlorides only were determined. 

The waters examined have been classified with reference to their 
probable purity as determined by the author by a study of the topography 
of the neighborhood, and of the location of possible sources of pollution. 
The purposes of this investigation exclude at once all waters known to be 
polluted, and every effort was made to collect samples of the purest 
water obtainable. A few polluted waters were examined for the sake of 
comparing them with the unpolluted. The following classification is 
based entirely on the evidence obtained in the field, and is independent 
of the analysis. 

Qass A comprises waters of unquestionable purity. 

Class B comprises those for which it was determined that a possible 
source of pollution was so remote as to be negligible. 

Qass C comprises those perhaps slightly polluted, but not sufficiently so 
to affect materially the analytical data. 

Class D comprises those probably polluted sufficiently to have some ef- 
fect on the analytical data. 

Qasses A and B are comparable, for all \yaters not clearly in the first 
class were graded "C" until evidence was obtained to prove that 
any possible source of pollution could, at that time, be neglected. 

The samples were all collected by the writer personally and accord- 
ing to the directions given by the Massachusetts State Board of Health.* 
Glass-stoppered bottles of about two and a half liters capacity were used. 
Before use the bottles were rinsed thoroughly with dilute sulphuric 
acid, five times with distilled water, and, since the distilled water con- 
tained considerable free ammonia, twice with ammonia free water. The 
stopper was covered with two thicknesses of clean filter paper, then with 
a heavy cotton cloth, and the whole tied firmly into place. When the 
sample was collected the covering, which had been protected from dirt, 
was replaced. In the laboratoiy the covering was removed, the bottle 
washed off with distilled water, placed on its side with the mouth over a 

*Ann. Rep. St. B. of H., 1890, pp. 520. 



12 POTABLE WATER OF SAN FRANCISCO PENINSULA 

sink, the stopper removed, and the bottle rolled along the desk until the 
contents had rinsecf the mouth thoroughly on all sides. The stopper was 
rinsed at the same time, replaced, and covered with a clean beaker. 

When taking the sample the bottle was rinsed three times, filled and 
emptied once, and then filled with the exception of a small air space. 
The stopper was rinsed thoroughly in the water being sampled. The 
sample from streams was taken either below the surface in a pool, or, 
where the flow was too small, from a place where the water was running 
rapidly over a stone. If the stream was very small the sample was taken 
from a small waterfall in preference to using a dipper. The mouth of the 
bottle was kept below the surface and above the bottom, and was always 
pointed upstream away from the collector. As far as the roads permitteil 
every stream was followed to its source, and no stream was classed as 
"A" unless its source had been thus inspected, or its watershed was 
known to be entirely uninhabited. The samples from springs were taken 
from below the surface of the pool, and the rinsings were poured well 
to one side. In ponds and reservoirs the bottle was held eight to twelve 
inches below the surface, — the latter distance whenever possible. The 
nitrogen content of the sample was always determined within forty-eight 
hours of the time of collection, and generally within twenty-four. 

The chemical analyses were made by the writer personally according 
to the standard methods in general use. It was known from previous 
experience that the waters in the region contained large amounts of 
chlorides, and, since the usual phenol sulphonic add method for deter- 
mining nitrates was known to be affected by such conditions, a special 
study of the methods for determining nitrates was undertaken. 

Certain of the physical characteristics of the waters were deter- 
mined in the following maimer. 

The turbidity of the water was considered to be due to the solid 
matter remaining in suspension after the sample had stood for twelve 
hours in the laboratory. The solid matter which settled to the bottom of 
the bottle during that time was considered to be the sediment. Neither 
the turbidity nor the sediment were determined quantitatively. The 
degree of turbidity was expressed by the terms * '*very slight," "slight," 
"distinct," and "decided ;" and the amount of sediment by the terms "very 
slight," "slight," "considerable," and "heavy." As a matter of fact the 
great majority of the samples examined were free from any turbidity, and 
contained <mly a very slight sediment. 

The color of the waters examined was not expressed with reference 

•cf. ".Xir, Water and Food,** Richards and Woodman, 1906 cd., 133. 
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to any standard, but was described as "brownish" or "yellowish" in the 
few cases where any appreciable tint could be detected. 

The odor was determined for every sample before and after heating. 
The first test was made on the portion of the sample, about five hundred 
cubic centimeters, remaining in the sampling bottle after the other deter- 
minations had been made. The bottle was shaken thoroughly, the stopper 
removed and the odor determined at once. A beaker of about two hun- 
dred cubic centimeters capacity was then filled a third full of the water, 
covered with a well-fitting watch glass, and heated rapidly over a large 
burner. Just before the water boiled the beaker was put on the desk 
and allowed to cool for five minutes. The contents were then shaken 
with a rotary motion, and the nose put well into the beaker.* The dif- 
ferent odors were described as "earthy," "vegetable," "musty," "mouldy," 
and "fishy," and their intensity as "very faint," "faint," "distinct," and 
"decided.*' 

The Determination of the Nitrogen present as Free and "Albu- 

MiNoro" Ammonia. 

The first determinations made were those of the free and the "al- 
buminoid" ammonia. The standard solutions and reagents were pre- 
pared according to the directions given by Richards and Woodman, f 
Distilling flasks of about two liters capacity, and condensers with water 
jackets from ninety to a hundred centimeters long were used. The 
method of procedure was to boil some water in a still, until fifty cubic 
centimeters of the distillate gave no color with the Nessler solution. A 
measured quantity, with few exceptions five hundred cubic centimeters, 
of the water under examination was then put in the flask, and the dis- 
tillate collected in fifty cubic centimeter portions in Nessler tubes until 
the last portion was ammonia free. This gave the free ammonia. As the 
waters of the region were all strongly alkaline it was not necessary to 
add sodium carbonate to the distilling flask. Another portion of the 
water was put into an ammonia free still containing the alkaline potas- 
sium permanganate solution, and the distillate collected until the last 
portion was ammonia free. This gave the total ammonia. The difference 
between the total ammonia and the free ammonia gave the "albuminoid" 
ammonia. Usually five fifty cubic centimeter portions of the distillate 
were required for the free ammonia determination, and seven for the 
total. 



*cf. Richards and Woodman, loc. cit, ijo-131. 
floe, cit 
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The Determination of the Nitrogen present as Nitrite. 

This determination was carried out by the regular method using 
sulphanilic acid and a-naphthylamine in acetic acid solutions. A blank 
determination on the distilled water used for rinsing was made with each 
set of determinations. One hundred cubic centimeter samples in Nessler 
tubes were used, and the tubes were allowed to stand in hot water for 
twenty minutes before comparing the colors. 

The Determination of Nitrogen present as Nitrate. 

The problem of the determination of the nitrogen which is present in 
a water in the form of a nitrate is one for the solution of which many 
methods have been suggested. Among them may be mentioned those of 
Schloesing,* Schloesing-Reichardt^f Schulz-Tiemann^ Crum-Lunge,§ 
Marx-Trommsdorff,|| Dewarda^jf Busch** and NolLft 

All of these, however, apply only to the determination of relatively 
large amounts of nitrogen, and generally require the concentration of a 
rather large volume of water. This concentration is in itself objection- 
able, partly on account of the changes which may take place in the water 
during the concentration,]:]: partly on account of the resulting delay, 
preventing the prompt analysis of the water, and lastly on account of 
the large sample which must be collected. Moreover many of the meth- 
ods are tedious or complicated, and not at all suited for the routine 
analysis of a large number of samples. 

There are, however, two methods which are not open to the above 
objections, and which have been extensively used for water analyses. 
They are known as the "Phenol-sulphonic acid" and the "Reduction" 
methods. 

The Phenol-sulphonic acid method originated with Sprengel §§ and 



*J. f. pr. Chcm. 62: 142 (1854). , 

tZeit anal Chem. 9: 24 (1870). 

tBerl. Ber. 6: 1041 (1873). 

§Phil Mag. 30: 426. J. Chem. Soc. 21: loi. Berl. Ber. 11: 434. 

||Zeit. anal. Chem. 7: 412; 8: 364; 9: 171. 

tIZeit. f. angew. Chem. 33: 113. 

♦*Bcrl. Ber. 38: 861, 856, 4055. 

tt Zeit angew. Chem. 1901 : 1316. 

ttcf. Tidy, J. Chem. Soc. 35, 53, 97, and A. H. Gill, J. Am. Chem. Soc 16: 

123 (1894). 

Fogg. Anal. 121, 188 (1864). 
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has been modified and investigated by Grandval and Lajoux,t Fox,t 
Johnson,§ Lindo,|| Rideal,1f Smith,** Bartram,tt Hazen and Clark,$$ 
Gill,§§ and Andrews.|||| 

This method depends upon the formation of nitro-phenols by the 
action of phenol sulphonic acid on the nitrates left in the residue obtained 
by the evaporation of a known amount of the water under examination. 
The nitro phenols |||| formed are measured quantitatively by a colon- 
metric method based on the yellow color of the ammonium salts formed 
in the presence of an excess of ammonium hydroxide. It is well known 
that the presence of chlorides interferes with the accuracy of this method, 
and as the waters of the region covered in this investigation all contain 
large amounts of chlorides, it seemed essential to determine what results 
could be obtained by its application. 

The details of the procedure adopted are as follows : Ten cubic cen- 
timeters of the water to be examined are measured with a pipette into a 
small, flat-bottomed evaporating dish placed on a water bath. The bath 
is so arranged that the dishes set well down into the steam.* The pro- 
gress of the evaporation is watched ; when less than one cubic centimeter is 
left, the dish is lifted with a pair of tongs and tipped about until the re« 
maining liquid has wet the whole bottom of the dish; this is repeated 
frequently, and the last drop is evaporated in this way, and never on the 
water bath. If by oversight a determination is allowed to run to com- 
plete dryness on the water bath, it is rejected. When the residue is 
obtained, it is treated immediately with the required amount of the phenol 
sulphonic acid, the acid spread over the whole of the residue quiddy by 
means of a small glass rod, and the dish set aside to cool. The contents 
are then diluted with water, rinsed into a Nessler tube, an excess of 
ammonium hydroxide is added. The volume is made up to 50 cubic 
centimeters with distilled water, and the color obtained compared with 
that of standard solutions. 

The phenol sulphonic acid was prepared according to the directions 

tCompte Rendue loi : 62. 
JTech. Quart, i: 54 (1887). 
§Chein. News 61: 15 (1890). 
llChem. News 58: i, 15, 28 (1888). 
fChem. News 60: 261 (1889). 
** Analyst lo: 199 (1885). 

tt Journ. Frank. Inst, March 17, 1891, referred to by Gill, J. Am. Chem. Soc. 
16: 123. 

tt J. Anal. Appl. Chem. 5 : i, referred to by Gill, loc cit 
J. Am. Chem. Soc. 16: 122, 193. 
J. Am. Chem. Soc 26: 388 (1904). 
*A. H. Gill, J. Am. Chem. Soc. 16: 130 (1894). 
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given by Richards and Woodman;* phenol and pure concentrated sul- 
phuric acid were mixed in the proportion of 3 g. of phenol to 37 g. of 
acid, and heated for six hours in a boiling water bath. A nearly colorless 
product was obtained. 

Two standards were used. One was prepared by evaporating to 
dryness ten cubic centimeters of a solution of potassium nitrate con- 
taining 0.722 gram in one liter, using all the precautions above described, 
treating the residue with fifteen cubic centimeters of phenol sulphonic 
acid, and diluting to one liter. The strength of the solution was such that 
one cubic centimeter corresponded to o.oooooi gram of nitrogen present 
as nitrate. The second standard solution was prepared in the same way, 
but was ten times as strong. These solutions were used in all experi- 
ments on the various modifications of the method, so that all the results 
are expressed in terms of the same standards. They were found to give 
the same results a year after they were made up. The color given by the 
addition of ammonium hydroxide to ten cubic centimeters of the first 
solution, corresponded with that obtained with one cubic centimeter of 
the second solution. 

The first experiment undertaken was to determine whether the color 
obtained by the evaporation of ten cubic centimeters of a solution contain- 
ing a known amount of potassium nitrate, was the same as that of a cor- 
responding amount of the standard solutions made as above. For this 
purpose a series of solutions containing known amounts of potassium 
nitrate were prepared, ten cubic centimeters of each evaporated and 
treated as has been described, and the color obtained read in terms of the 
standard solutions. The results obtained are given in Table I. 

Observation of the standard solutions showed moreover that they 
kept their color without fading appreciably for two days. 

The next experiments were designed to determine the influence of 
certain factors in the process of evaporation and treatment of the resi- 
dues; namely the completeness of the evaporation, the interval between 
the removal of the dish from the water bath and the addition of the 
phenol sulphonic acid, the amount of phenol sulphonic acid added, the 
heating of the dishes after adding the acid, and the interval between the 
addition of the acid and the dilution with distilled water. 

It was observed that in every case where one of two duplicate deter- 
minations was allowed to run to complete dryness on the water bath, loss 
of nitrogen resulted. Thus in one case two duplicate determinations on 
a solution containing 0.75 parts per million of nitrogen were made ; one 



* Richards and Woodman : Air, Water and Food, 2d ed., 241. 
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Table I. — Test of Standard Solutions. 



Amount of N 

as KNO, in 

locc of solutions 

evaporated 

separately, 

expressed in 

parts per 

million 


Feb. 2, 1907 

Reading 

obtained 

in 

terms 

of 

standard 

solutions 


Feb. 4, 1907 
Repeated Feb. 
and Re| 
obtained 


5» 1907 
;)eated 


Feb. 5, 1907 
Repeated 


O.OI 


o.oi(?) 


o.oi(?) 






O.OI 


O.Ol(?) 


• • • • 




» 




0.05 


0.05 


0.05 








0.05 


0.04 


0.04 








O.IO 


0.08 


0.09 








0. 10 


0.09 


0.09 








0.25 


0.24 


0.25 








0.25 


0.23 


• . > . 1 








0.50 


0.49 


0.49 








0.50 


0.49 


0.49 








0.75 


0.60 


0.70 < 


>.74 




0.75 


0.60 


• . a • 1 


1 . * > 




1. 00 


0.85 


I. GO C 


).85 


1. 00 


x.oo 


0.85 


0.98 C 


>-95 


I. CO 


300 


• • * « 


• • • • I 


* . • 


300 


3.00 


. * ■ • 


.... . 


• « • 


3.00 


5.00 


. • . • 


. • • • • 


• . • 


4.80 


5.00 


■ • • • 


• • • • • 


• • . 


4.80 



was allowed to evaporate completely and gave a reading by the standard 
solutions of 0.60, the other gave 0.70.* 

A tendency toward loss of nitrogen was observed if the dishes were 
allowed to cool after being removed from the water bath and before 
adding the phenol sulphonic acid. This is illustrated by the following set 
of parallel determinations : 



*cf. A. H. Gill, J. Am. Chem. Soc. 16: 130 (1894). 
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Table II. Effect of Cooling before Addition of Acid. 

Phenol Sulphonic Acid Dishes allowed to cool after 

added immediately on removal from water bath 

remold from water bath and t>efore addition of acid 

faint tinge blank 

faint tinge blank 

0.04 0.02 

0.03 o.oi 

0.04 0.05 

0.06 0.02 

0.27 0.17 

o.ao 0.12 

0.47 0-35 

0.57 0-33 

2.50 

2.20 1.60 

3.50 300 

4.00 3.50 

Preliminary experiments indicated that loss of nitrogen could be 
prevented by the use of larger amounts of phenol sulphonic acid, but also 
that the color due to large amounts of the acid interfered with the deli- 
cacy of the method. This is shown in Table III. The tubes 
were compared with known amounts of the standard solutions, and the 
results expressed in parts per million. In order to reproduce more nearly 
the conditions existing in the case of an actual water analysis, known 
amounts of salt were also added to the solutions before evaporation. 

From the data it will be seen that the use of as much as 3.5 cubic 
centimeters of the add destroys the delicacy of the reaction, no color 
below that due to 0.10 parts per million of N could be read on account of 
the color due to the acid itself, and at the same time the results on the 
larger amounts are no better than those obtained with 1.5 cubic centimet- 
ers of acid. On the other hand the use of 1.5 cubic centimeters of acid 
gave better results than were obtained with ten drops of acid. Therefore, 
approximately 1.5 cubic centimeters was used in all the following ex- 
periments. When the anmionium hydroxide was added to this amount of 
acid the heat liberated was sufficient to raise the temperature appreciably. 
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Table III. — Effect of Amount of Phenol Sulphonic Acid. 



Parts per 

million 

of 

Nitrogen 
taken 


10 drops 

P. S. acid 

10 parts 

mi?l!ci. 


3.5 CC 

p. S. acid 

10 parts 

mST.'^Cl. 


10 drops 

P. S. acid 

30 parts 

per 
null. CI. 


1.5 cc 

P. S. add 

30 parts 

per 
mm. CI. 


3.5 cc 

P. S. acid 

30 parts 

per 
null. CI. 


3.5 cc 

P. S. add 

30 parts 

mULCI. 


O.OI 
O.OI 


tinge 
tinge 


• . • • 
> « « . 


tii^e 
tinge 


tinge 

• . ■ . 


2/14/07 

.... 


2/16/07 
.... 


0.05 
0.05 


0.05 
0.05 


• • • • 

• • • • 


0.04 
0.03 


0.03 
0.05 


.... 
.... 


• . . • 

• . . • 


O.IO 
O.IO 


0.08 
0.08 


O.IO 
O.IO 


0.04 
0.06 


0.06 
0.06 


O.IO 
O.IO 


O.IO 
O.IO 


0.50 
0.50 


0.30 
0.32 


0.40 

0.45 


0.27 
0.20 


0.30 
0.35 


35 
0.40 


0.40 

• • • • 


1. 00 
1. 00 


0.75 

a . • • 


0.90 

0.85 


0.47 
0.57 


0.90 
0.85 


0.80 
0.85 


0.85 
0.80 


3 00 
3 00 


3OO 

. • . • 


3 00 

300 


2.50 
2.20 


2.30 
2.30 


2.00 
2.70 


2.00 
2.70 


5.00 
5.00 


4.50 
4.70 


4.70 
4.70 


3.50 
4.00 


3.70 
4.00 


4.50 
4- 50 


4.00 
4.00 



and time for cooling was allowed before comparing the color with that of 
the standard solutions. 

The heating of the dishes after the addition of the add and before 
dilution was fotmd to have no appreciable effect on the results. The data 
obtained are given in Table IV. 

In the course of the work it was observed that those dishes which 
were allowed to stand a few minutes after the addition of the add, and 
before dilution with water, tended to give higher results than did those 
where the acid was diluted at once. In the subsequent work the dishes 
were always set aside for a few minutes before the water was added. 

The next point taken up was the interference of chlorides with the 
accuracy of the method. Determinations in solutions containing known 
nitrate and chloride content were carried out, the colors obtained being 
compared with those of the standard solutions as before. The data 
are given in Table V. 
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Table IV. — Effect of Heat after Addition of Acid. 



Parts per million of N taken 


1 . 5 cc of P. S. acid 30 parts 
per mill. CI. 


X .5 cc of P. S. acid. 
30 parts per mill, of CI. 
Dishes left on water bath 
5 min. after addition of acid 


O.OI 
O.OI 


tinge 
• • • • 


tinge 
tinge 


0.05 
0.05 


0.03 
0.05 


0.03 
0.02 


O.IO 


0.06 


0.06 


O.IO 


0.06 


0.05 


0.50 
0.50 


0.30 
0.35 


0.35 
0.30 



I.OO 
I.OO 


0.90 
0.85 


0.70 
0.80 


3.00 
3.00 


2.30 
2.30 


2.70 


5.00 
5.00 


3.70 
4.00 


3.50 
4.00 



For quantities of nitrogen of one part per million or less the loss 
with 80 parts per million chloride is seen to be over 50 per cent. With 
higher nitrogen content the relative loss is less. With 30 parts per 
million of chloride the loss is about 30 per cent for quantities of 
nitrogen below one part per million, and still less above. With 10 parts 
per million chloride the loss is much smaller. It should be noted that 
the addition of such a large amount of chloride puts the method to a veiy 
severe test, but this is justified by the large chloride content of the waters 
of the region under examination."*" 

In actual analyses this loss of nitrogen due to the presence of chlor- 
ides might be overcome by using standard solutions prepared by adding 
known amounts of chloride to them before evaporation and treatment 
with phenol sulphonic acid. A solution was prepared in this way, exactly 
like the stronger of the two standard solutions described, except that an 
amount of sodium chloride corresponding to 30 parts per million was 

*cf. Gill, loc. dt. 
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Table V. — Effect of Increasing Concentration of Chlorides. 



Amt.of P.S.add 



Parts per mill, 
of CI. 



1.7 cc 
o 



1.7 cc 
10 



1.7 cc 
30 



1.7 cc 

80 



Amount of N 
as Nitrate in 

solutions taken 

in parts per 

million 










O.OI 
O.OI 


tinge 
tinge 


tinge 
tinge 


tinge 
tinge 


tinge 
tinge 


0.05 
0.05 


0.04 
0.05 


0.04 
0.04 


0.03 
0.02 


0.02 
0.02 


0.10 

O.IO 


0.09 
0.09 


0.09 
0.08 


0.06 
0.05 


0.05 
0.05 


0.50 
0.50 


0.45 
0.45 


0.30 
0.30 


0.30 
0.25 


0.20 
0.20 


1. 00 
1. 00 


0.90 
0.90 


0.75 
0.60 


0.60 
0.60 


0.55 
0.50 


3.00 
300 


3.00 
3.00 


2.50 
2 70 


2.50 
2.50 


2.00 
1. 00 


5 00 
500 


5.00 
5 00 


450 
4- 50 


4.00 
4.50 


3.50 
3.50 



added to the potassium nitrate solution before evaporation. In this case 
a well water containing about 30 parts per million chlorides and a small 
amotmt of nitrate was taken, and known amounts of potassium nitrate 
solution were added. The solutions obtained were compared with the 
standard made as above described, and also with the one used in the prev- 
ious work. Three independent series were obtained ; in the last two the 
amount of nitrate was measured by both the old and the new standard 
solutions. The data are given in Tables VI and VII. 

All results are expressed in parts per million of nitrogen present as 
nitrate. In each series duplicate determinations were made at each 
concentration. 
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Table VI. — Results with Standard Not Containing Chlorides. 





Values Obtained with Old Standard Solution 


Amount 

of 
KNO, 
added 


First Series 


Second Series 


Third Series 


Read- 
ings 


Avg. 


Diff. 


Read- 
ings 


Avg. 


Diff. 


Read- 
ings 


Avg. 


Diff. 


none 
0.5 

I.O 

5.0 
20.0 
50.0 


0.4 
0.3 

0.7 
0.6 

0.8 
0.7 

4.0 
4.0 

16.8 
16.8 

48.0 
46.4 


0.35 
0.65 

0.75 
4.0 

16.8 

47.2 


• • . • 
0.30 
0.40 
365 

16.45 
46.85 


0.3 
0.2 

0.5 
0.6 

0.8 
0.85 

3.8 
3.6 

16.8 
16.8 

46.4 
46.4 


0.25 

0.55 
0.825 

3 7 
16.8 

46.4 


.... 
0.30 

0.575 
3.45 
16.55 
46.15 


0.4 
0.4 

0.70 
0.70 

0.9 
09 

4.0 

4.0 

18.4 
18.4 

48.0 
48.0 


0.4 
0.70 
0.90 
4.0 
18.40 
48.00 


• a . • 

0.30 

0.50 

3.60 

18.0 

47.60 



The above data show, first, satisfactory agreement between the dup- 
licates at each concentration. It was observed that, while with solutions 
of potassium nitrate in distilled water, especially when some chloride was 
also added, widely varying duplicates were sometimes obtained, with 
samples of natural waters the agreement was much better. Second, 
higher results were obtained with the new standard solution. Third, 
the agreement between the three independent series is fairly close. In 
the case of the stronger solutions the color produced was much too dark 
to be compared with the standards directly. In this case the solution was 
made up to 100 cubic centimeters with distilled water, thoroughly mixed 
by pouring back and forth between two Nessler tubes, and finally evenly 
divided between the tubes. That the division was equal was determined 
by comparing the color of the two tubes. This was repeated as often as 
necessary. In the case of the solution containing fifty parts per million of 
nitrogen the actual comparison was made in a tube containing one-six- 
teenth of the original solution. In this case this method of procedure 
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Table VII. — ^Results with Standards Containing Chlorides, 



Values Obtained with New Standard Solution 



Second Series 


Third Series 


Readings 


Avg. 


Dif!. 


Readings 


Avg. 


Diff. 


0.4 
0.3 

0.6 
0.7 

0.9 
0.95 

4.4 
4.2 

18.4 
18.4 

49.6 
49.6 


35 
0.65 

0.925 

4.3 
18.4 

49.6 


0.30 

0.575 

3.95 
18.05 

49.25 


0.4 
0.4 

0.80 
0.80 

1.0 
1.0 

4.6 
4.6 

19.2 
19.2 

52.8 
52.8 


0.40 
0.80 
1.0 
4.6 
19.2 
52.8 


0.40 

0.60 

4.20 

18.80 

52.40 



gave better results than that obtained by using a smaller amount of watef , 
as is shown by the following data: 

Table VIII. 



Evaporation of 10 cc gave : 

16.8 
16.8 

46.0 
46.4 



Evaporation of i cc gave 

15. 5 
15.5 



44.0 
44.0 



Mason"^ recommends that instead of using a standard solution 
as has been described, each standard comparison tube be prepared 
separately by the evaporation of known amounts of a standard 
potassium nitrate solution, to which an amount of sodium chloride 
corresponding to the chloride content of the water, as determined by 

* Chemical Examination of Water, 3d ed., pp. 50-51. Jour. Am. Chem. Soc. 
16:73 (1894). 
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previous analysis, has been added. This method was tried, and data 
obtained as shown in the following tables. In this case duplicates of each 
concentration of the water, to which known amounts of the nitrate solu- 
tion had been added, were evaporated and treated in the regular way. 
The colors obtained were compared, first, with those of known amounts 
of the standard solution used in all the previous work, second with those 
of known amounts of the new standard solution to which thirty parts 
per million of chloride had been added, and, third, to those obtained by 
evaporating known amounts of the standard potassium nitrate solution, 
to which chloride corresponding to thirty parts per million had been 
added, and evaporated separately according to Mason's method. In this 
way standard tubes corresponding to concentrations of 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9, I.o, 1.4, 2.0, 2.3, 2.5 parts per million were prepared. 
In every case 10 cubic centimeters of the water was used. The first and 
second columns of this table are the same as those of the "third series" 
in the last table. The figures all refer to parts per million. 

Table IX. — Comparison of Results with Three Differently Pre- 
pared Standards. 



Amount 
of 


I. Original Standard 
Solution 


n. New Standard 

Solution with Chloride 

Added 


in. Separate Evaporation 

of Standard Mason's 

Method 


KNO, 
added 


Read- 
ings 


Avg. 


Diff. 


Read- 
ings 


Avg. 


Diff. 


Read- 
ings 


Avg. 


DiflF. 


none 

0.5 
1.0 

20.0 
50.0 


0.4 
0.4 

0.7 
0.7 

0.9 
0.9 

4.0 
4.0 

18.4 
18.4 

48.0 
48.0 


0.4 
0.7 
0.9 
4.0 
18.4 
48.0 


. • . . 

0.30 

0.50 

3 60 

18.0 

47.60 


0.4 
0.4 

0.8 
0.8 

1.0 
1.0 

4.6 
4.6 

19.2 
19.2 

52.8 
52.8 


0.40 
0.80 
1 .00 

4.6 
19.2 

528 


• • • • 

0.40 
0.6 
4.2 
18.8 

52.4 


0.45 
0.45 

0.9 
0.9 

1.3 

1.2 

4.8 
4.8 

(21.6) 
(21.6) 

(48.0) 
(48.0) 


0.45 
0.9 

1.25 

4.8 

(21.6) 

(48.0) 


• 
• • • • 

0.45 
0.80 

4-35 
(21.15) 

(4755) 
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In the case of Mason's method at the high concentration, where the 
color had to be determined on a small fraction of the solution obtained, 
the tone of the color was found to differ so much from that of the stand- 
ards, that the results obtained are very inaccurate. 

To determine the constancy of the results obtained by Mason's 
method two more series of determinations were made. Each series is 
independent of the other, and in each case both Mason's standards and 
the standard solution containing thirty parts per million of chloride were 
used for comparison. To obviate the above mentioned difficulty due to 
the difference in the tone of the color in the case of the solutions of high 
nitrate content, only one cubic centimeter portions of the solution con- 
taining twenty parts per million of nitrate, and half a cubic centimeter of 
that containing fifty parts per million, were used. As a result direct 
comparison, with the standards, without any dilution, was possible. The 
results follow: 

Table X. — Showing Superiority of Mason's Standards. 



Amount 

of 
KNO, 
added 

parts per 
million 



none 

0.5 
0.5 

i.o 
i^o 

5.0 
50 

20.0 
20.0 

50.0 
50.0 



Series A 



Standard Solution 



Found 



0.30 
0.20 

0.50 
0.60 

0.70 
0.80 

3.80 
360 

18.40 
19.20 

48.00 
48.00 



Avg. 



0.25 



0.55 



0.75 



3.70 



18.80 



48.00 



Diflf. 



• • • • 



0.30 



0.50 



3.45 



18.55 



47.75 



Mason's Standards 



F'nd 



Avg. 



0.50 
0.40 

0.85 
0.95 

1.30 
1.40 

5-00 
5.20 

2 00 
2.00 

2.5 
2.5 



0.45 



0.90 



X.35 



5.10 



2.00 



2.50 



Diff. 



0.45 



0.90 



4.65 



19.55 



49.55 



Series B 



Standard Solution 



Found 



0.30 
0.30 

0.60 
0.50 

0.70 
0.70 

3.80 
3-8o 

20.00 
19.00 

48.00 
48.00 



Avg, 



0.30 



0.55 



0.70 



3.80 



19.50 



48.00 



Diff. 



0.25 



0.40 



3.50 



19.20 



47.70 



Mason's Standards 



F'nd 



0.40 
0.40 

1.0 
0.9 

I 30 
1.30 

5.20 
5.20 

2.00 
2.00 

2.5 

2.5 



Avg. 



0.40 



0.95 



1.30 



5-20 



20.00 



2.50 



Diff. 



• ■ • • 



0.5s 



0.90 



4.80 



19.45 



49 45 



In the following table the results are summed up. The known 
amotmts of potassium nitrate added, and the amounts found are given 
for each series and by each method. 
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Table XI. — Summary of Results Showing Superiority of Mason's 

Standards. 



Amount 

of KNO, 

added 


Standard Solution 




Mason's 


Method 




parts per 
million 


I 


II 


III 


Avg. 


I 


II 


III 


Avg. 


0.5 


0.40 


0.30 


0.25 


0.32 


0.45 


0.45 


55 


0.48 


I.O 


0.60 


0.50 


0.40 


0.50 


0.80 


0.90 


0.90 


0.87 


5.0 


4.20 


3.45 


3.50 


3.72 


4.35 


4.65 


4.80 


4.60 


20.0 


18.80 


18.55 


19.20 


18.85 


(21.15) 


19.55 


19. 45 


19.50 


50 


52.40 


47-75 


47.70 


49.28 


(47.55) 


49.55 


49-45 


49 50 



From these data it appears that the standards prepared according to 
Mason's method give the best results that have been obtained. The 
method involves a preliminary determination of the chloride content of 
the water, and of the approximate amount of nitrate present, in order 
that the standards may be prepared correctly and over the proper range. 
One difficulty met with is that when as much as thirty parts per million of 
chloride is added to the standard solutions before evaporation, good 
agreement between the standards themselves is not obtained. The stand- 
ards made up one day may not match those made up the next. Moreover 
the intensity of the color may not increase exactly with the increase in 
nitrate content. Thus in one case the 1.3 cubic centimeter tube had a 
lighter color than the 1.2 cubic centimeter and the 2.5 cubic centimeter 
tube was darker than the 2.7 cubic centimeter. These variations seem 
unavoidable in the case of high chloride content. Nevertheless, in spite 
of this source of error, this method gives the best results; that is, the 
error due to variations in the standards is less than that due to using 
any other system of standards. 

The second method which has been studied is the so-called 'deduc- 
tion method," which depends on the reduction of the nitrogen present in 
the water as either nitrate or nitrite to ammonia, and the quantitative 
determination of the ammonia formed. Suitable correction must then ber 
made for the nitrogen present as nitrite and as free ammonia. The pro- 
cess as a whole thus involves two distinct operations, namely the reduc- 
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tion of the nitrogen to ammonia, and the quantitative determination of the 
ammonia. 

Since the accuracy of the method of reduction must be measured by 
the determination of the ammonia produced, the methods for accom« 
pushing the latter will be considered first. There are three possible 
methods. The determination of the ammonia in a measured quantity of 
water, after reduction; by means of Ncssler's reagent directly; the dis- 
tillation of a measured quantity of the water, after reduction, and the 
determination of the ammonia in the distillate by means of Nessler's 
reagent ; and finally the distillation of a measured quantity of the water, 
after reduction, into an excess of a standard acid solution, and titration 
of the residual acid with a standard alkali solution. 

The first method, the direct Nesslerization of measured quantities of 
the water, after reduction, is the simplest* The chief objections to it 
are that the process of reduction produces a slight turbidity and sediment, 
and that the addition of the strongly alkaline Nessler reagent, espec- 
ially in very hard waters, produces a heavy precipitate. As a result the 
delicacy of the determination is seriously interfered with. Another 
difficulty met in the case of a water of high nitrate content is that, since 
all the ammonia must be determined at once, only a small portion of the 
water, after reduction (one cubic centimeter or less) can be used for 
direct Nesslerization without exceeding the maximum limit for com- 
parison with the standard tubes. If a distillation method is used, a 
larger sample may be taken, the ammonia obtained in four or five por- 
tions of the distillate, and a larger quantity determined with accuracy. 
Actual trial showed that in every case the addition of the Nessler reagent 
produced a heavy, colored precipitate, and gave a lemon yellow tinge to 
the solution, so that accurate comparison with the standards was impos- 

sible.t 

The second method for determining the ammonia, namely the dis- 
tillation of a measured quantity of the water, after reduction, and the 
determination of the ammonia in the distillate with the Nessler reagent, 
is open to very few objections on the ground of inaccuracy. However, it 
is cumbersome, and time, consuming. As carried out, the details are as 
follows: A large distilling flask, of about two liters capacity, is filled 
with a water containing very little ammonia, and the contents made 
strongly alkaline with sodium hydroxide. The flask is connected with a 
condenser exactly as in the determination of free ammonia. The con- 



♦ Hazen and Clark, J. Anal. AppL Chem. 5 : 3. 
t A. H. Gillt J. Am. Chem. Soc. 16: 193 (1894). 
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tents of the flask are heated to boiling, and distillation continued until 
fifty cubic centimeters of the distillate give no reaction for ammonia 
with Nessler solution. The flask and contents are then allowed to cool 
for at least five minutes, and a measured quantity of the water under 
examination, after reduction, run into the flask from a pipette* The dis- 
tillation is commenced at once, the distillate collected in Nessler tubes in 
fifty cubic centimeter portions, and the distillation continued until the 
last portion collected shows absence of ammonia when treated with the 
Nessler solution. The data given in the tables will show that good agree- 
ment between duplicate determinations was obtained. This method gave 
very satisfactory results, and was used in all the following determinations 
except where some other method is specified. By using several stills and 
running them at the same time that the free and albuminoid ammonia 
determinations were being made, the method required very little extra 
attention or time. Here again an objection rises in the case of waters of 
high nitrate content. The Nessler reagent method for the determina- 
tion of ammonia is such a delicate one that the upper limit of its accuracy 
is soon reached. In other words the first portion of the distillate con- 
tains more ammonia than the highest of the comparison tubes. Thus in 
the case of a water containing twenty parts per million of nitrogen as 
nitrate, after reduction, ten cubic centimeters were put in the still, and 
the first fiftycubiccentimeters of distillate contained ammonia correspond- 
ing to six cubic centimeters of the standard ammonium chloride solution. 
The darkest color which can be read at all accurately is that due to four 
cubic centimeters of the standard solution. In this case either less water 
may be put in the still, or the first portion of the distillate may be divided, 
but either alternative introduces a possibility of error. 

To meet this objection the last method, namely the distillation into an 
excess of a standard acid solution and titration with standard alkali, was 
tried. 

This method is not as delicate as the colorimetric method, and its 
usefulness would be confined to those cases where the nitrogen content is 
so high that only a very small quantity of the water could be used in 
applying the latter method. The results obtained are given below. The 
ammonia was distilled into an approximately N/50 sulphuric acid solution, 
and the excess of acid neutralized with a standard sodium hydroxide 
solution of about the same strength. Para nitro phenol was used as an 
indicator. Two independent sets of determinations were made. The 
results indicate that with very high nitrate content the ammonia had best 
be determined by distillation into standard acid. 
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Table XII. — ^Determination of Ammonia by Two Methods. 



Amt. of nitro^[en 

in the water in 

parts per million 


Found by distillation into standard acid 


Found by Nessler 
method average of 
three determinations 


I 


II 


20 CO 
50.00 


18.18 
18.30 

44-93 
43.31 


19.75 
19.25 

43.70 
42.91 


18.87 
43.71 



A large number of methods for bringing about the reduction of 
the nitrate to ammonia have been suggested. Among them may be 
mentioned that of Foester, * — ^the reduction with metallic iron and potas- 
sium hydroxide in the presence of alcohol,— of Schmitt,t — ^the reduction 
with iron, zinc, and acetic acid,— of Ulsch,t — ^the reduction with "ferrum 
reductum" and sulphuric acid, — ^and of Harrow,! — the reduction to 
nitrite in the presence of sulphanilic acid and a-naphthylamine. All 
these have given good results for relatively large amounts of nitrogen. 
The first three require the presence of the equivalent to half a gram of 
potassium nitrate, to obtain which it wotild be necessary to use one htm- 
dred cubic centimeters of a water containing seven hundred parts per 
million of nitrogen present as nitrate. The last method, Harrow's, is 
sensitive to only three tenths of a part per million. 

Qearly none of these methods are applicable to the analysis of nor- 
mal potable water without preliminary concentration, — ^the objections to 
which have already been mentioned. There are, however, two methods 
of bringing about the reduction which are sufficiently sensitive for the 
requirements of water analysis. 

One by means of aluminium and caustic soda, and the other by 
means of the copper zinc couple in the presence of an excess of oxalic 
acid. II 

♦Given by Fricke, Analyst 16: 117. f Given by Fricke, Analyst 16: 117. 

^Zeit. anal. Chem. 50: 175; 31: 39^ §J. Chem. Soc. 1891: 320. 

II Tiemann und Gaertner in "Die chem. und bacteriologische Untersuchung des 
Wassers," Braunschweig, 1889: 20S, 210, also give data obtained by the use of 
sodium amalgam as a reducing agent. The results were, however, very unsatis- 
factory. 
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The first of these, the reduction by means of aluminium and caustic 
soda, has given unsatisfactory results in the hands of other investigators."^ 
The procedure adopted was to boil aluminium turnings in a small Erlen- 
meyer flask with weak sodium carbonate solution in order to drive out 
any free ammonia present. A measured amount of standard potassium 
nitrate solution was then added, also in some cases, in order to produce 
more nearly the conditions existing in the case of an actual water analy- 
sis, sodium chloride solution was introduced, and finally an excess of a 
sodium hydroxide solution which had been boiled till free from ammonia. 
The volume was then made up to twenty-five cubic centimeters with 
ammonia free water, and the flasks set aside over night. The next day 
the contents of each flask were rinsed with ammonia free water into a 
still, in which a weak sodium carbonate solution had been boiled until 
ammonia free, and the ammonia formed was distilled off and determined 
by Nesslerization of the distillate. Two blank determinations were made 
to test the purity of the reagents, and the average of the two values 
obtained was subtracted from each determination. The following table 
shows the unsatisfactory nature of the results obtained, all the figures 
referring to parts per million. 

Table XIII. — ^Results Using Reduction by Aluminium and Sod- 
ium Hydroxide. 



Nitrogen added 


No chlorides. 
Amount found 


30 pts. per mill. CI. 
Amount found 


100 pit. per mill. CI. 
Amount found 


blank 
blank 

0.20 
0.20 

I.OO 
I.OO 

5.00 

5 00 


0.24 

.... 

0.14 
0.06 

O.IO 

0.58 

1.26 
1.46 


• a • . 

• . . . 

O.IO 

0.02 

0.50 
0.46 

0.90 
1.82 


avg. 

0.20 2.20 

0.06 

O.IO 

0.22 
0.38 

1. 10 
1.90 



Much more encouraging preliminary tests were obtained with the 
use of the copper-zinc couple as a reducing agent. Here the agreement 
obtained was good, in one case four duplicates on the same water gave 



*cf. Hazen and Gark, A. H. Gill, Tiemans Gaertner, loc. cit. 
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respectively 0.36, o^, 045, and 0.45 parts per million of nitrogen pres- 
ent as nitrate. In a test on a water made up to contain 1.7 parts per 
million of nitrogen as nitratCi the average of two determinations was 
1*35 parts per million; and on a water made up to contain 5.0 parts per 
million the average of two determinations in each of two distinct tests 
was 4.8 parts per million. This method was adopted as being the more 
promising of the two, and was applied to many waters in which the 
nitrates were also determined by the phenol sulphonic acid method. The 
data obtained are given in connection with the discussion of the relative 
value of the two methods. The method proved to be of the greatest 
value with waters in which the nitrate content was low and the chloride 
content high. Many waters showed absence of nitrates, proving that the 
manipulations involved in the method could be carried out without the 
introduction of ammonia as an impurity. As finally developed the de- 
tails of the method were substantially those given by Cairns.^ A wide- 
mouthed glass stoppered bottle of about one hundred and fifty cubic 
centimeters capacity was nearly filled with granulated zinc. The bottle 
was then filled with water and a few cubic centimeters of dilute hydro- 
chloric acid (1:1) was added. The acid was allowed to act on the zinc for 
about five minutes so that a clean bright surface was obtained. Then the 
acid was poured out, the zinc thoroughly rinsed with distilled water, and 
then covered with a three per cent copper sulphate solution. The solution 
was left in contact with the zinc until an even and firmly adhering coating 
of copper was deposited. If the solution remains in contact with the zinc 
too long the coating of copper will not adhere properly. The copper 
sulphate solution was next poured off, and the zinc rinsed again with 
distilled water. Only freshly prepared zinc was used, and the same zinc 
was never used twice. When prepared, the bottle containing the zinc was 
thoroughly rinsed three times with the water to be analyzed, and then filled 
to within about a quarter of an inch of the stopper. About half a gram 
of crystallized, pure, ammonia free, oxalic acid was then added, the bottle 
thoroughly shaken, and set aside over night. The first sixty determina- 
tions were tested the next morning for the presence of nitrites, which 
would indicate incomplete reduction, but none were found. This test was 
then discontinued except in cases where the nitrate content was known to 
be very high, but even with a content of fifty parts per million nitrates 
were never found. 

The effect of three factors was studied in detail, namely the presence 
of chlorides, the amount of oxalic acid used, and the time allowed for the 



* Quantitative Analysis, 3d ed., p. 278. 
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reduction to take place.* To test the effect of the presence of chlorides 
duplicate determinations were made in a well water containing thirty-five 
parts per million of chlorine, and on a sample of the same water to which 
sodium chloride corresponding to one hundred parts per million had been 
added. In the first case 1.80 parts per million were found, and in the 
second 1.76 parts per million. The difference is within the limit of 
experimental error. To determine the effect of the amount of oxalic 
acid used three determinations were made. In one case 0.25 gram, 
in the second 0.50 gram, and in the third 1.00 gram of acid was used. 
The result in the first case was 1.32, in the second 1.28 and in the third 
1.28 parts per million of nitrogen; the difference between the first and 
second of 0.04 parts per million is within the experimental error. It 
appeared, however, that on standing for some time the sample contain- 
ing 0.25 gram of oxalic acid lost ammonia much faster than the others, 
so that the use of less than one half gram of oxalic acid per hundred and 
fifty cubic centimeters of water taken, does not seem to be wise. To test 
the effect of the time allowed for the reduction the following experiment 
was carried out. A large quantity, five hundred cubic centimeters, of a 
well water was treated with the copper-zinc couple and oxalic acid under 
exactly the conditions described above, and from time to time samples 
were withdrawn and the amomnia in them determined. The following 
table shows the results : 

Table XIV.— Rate of Reduction. 



Time after addition of 

Oxalic add 

Hours Min. 


Nitrogen found in parts 
per million 


II 
12 

13 


40 

45 
30 


0.84 

1.36 
1.48 


36 
60 


30 


1.40 
1.48 
1. 12 



It appears, then, that the ammonia should be determined within 
fourteen to thirty-six hours after the oxalic acid has been added. The 
results obtained in determining the amount of acid to be used, indicate 
that with less acid the loss of anunonia is more rapid. Usually twenty- 

*Tieman and Gaertner carried on the reduction at a temperature of 100^ C 
and obtained results much lower than those found when the reduction took place 
at lower temperatures. 
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five cubic centimeters of the water, after reduction, were used for the 
ammonia determinations by the distillation and Nesslerizing methods. 
In the case of very high nitrates ten cubic centimeters were used, and in 
extreme cases even less. At first pieces of sheet zinc were used instead 
of granulated zinc, in which case one hundred square centimeters of zinc 
surface were allowed for two hundred cubic centimeters of water, but 
the granulated zinc gave better results. This is shown in the first column 
of the following table. The same table also shows the results which can 
be obtained with this method on solutions of known nitrate content. 
The solutions were prepared by adding known amounts of a standard 
potassium nitrate solution to a well water which contained a small amount 
of nitrate. All the results are expressed in parts per million of nitrogen. 
Each column represents an independent series of determinations. 

Table XV. — Comparison of Sheet and Granulated Zinc for Re- 
duction. 







I 


II 


III 


Amruint 










/VUl vUU I 

of 
KNO 
added 


Using Sheet Zn 


Using Granulated Zn 


Using Granulated Zn 


Using Granulated Zn 










1 
















Fnd 


Avg. 


Difif. 


Found 


Avg. 


DiflF. 


Found 


Avg. 


Di£F. 


Found 


AVga 


Diff. 


none 


0.08 
08 


0.08 


• • • • 


0.12 
0.12 


0.12 


* . a . 


0.12 
0.12 


0.12 


• a a a 


0.16 
0.16 


0.16 


• » • m 


0.50 


0.48 
0.36 


0.42 


0.34 


0.60 
0.72 
0.72 


0.68 


0.56 


0.44 
0.44 


0.44 


0.32 


0.76 
0.84 


0.80 


0.64 


1. 00 


0.80 

• . a . 


0.80 


0,72 


1. 12 

1. 12 


X.12 


I. 00 


0.96 
0.92 


94 


0.72 


1. 16 
1. 16 


I. 16 


1. 00 


5 00 


3.20 
3.20 


3.20 


3 " 


4.20 

4.30 
4.20 


4.23 


4. II 


3.3 
3.2 

3.3 
3.4 


3-33 


3.21 


4.20 
4.30 


4.25 


4.09 


20 00 


• • • ■ 

• * • • 






14.80 


14.40 


13.84 


17-5 

• • a • 


17-50 


17.18 


17.40 

m • • • 


17.40 


17.14 


•^* « \^\0 






14.00 


50.00 


. • ■ . 

. • • . 






37.00 


40.00 


39.44 


36 10 
36.50 


36 25 


35.93 


40.00 

^0 ._. 


39.00 


38.84 






43.00 


38,0 



34 



POTABLE WATER OF SAN FRANCISCO PENINSULA 



Table XVI. — Comparison of Nessler and Titration Methods. 



UsDfo Granulated Zn 



Nessler Method 


Titration Method 


Titration Method 


Found 


Avg. 


Found 


Avg. 


Found 


Avg. 


4.60 
19.40 

44 


4.60 
19.40 

44.0 


18.18 
18.30 

44.93 
43 3» 


18.24 
44.12 


19.75 
19.25 

43.70 
42.91 


19.50 
43.30 



To compare the results which have been obtained by the phenol 
sulphonic acid and reduction methods, the data have been stimmarized 
in the following table. In the first column are given the average results 
obtained by the phenol sulphonic acid method using standards prepared 
according to Mason's modification. In the second column are the 
averages of the three best results obtained by the reduction method on the 
same solutions, — ^using the results obtained by the titration method for 
determining the ammonia at the two highest concentrations. 

The solutions were prepared by adding known amounts of potas- 
sium nitrate to a well water, containing about thirty-five parts per 
million of chlorides and noting the difference in the amounts fotmd. 
Only those differences are given. The figures all refer to parts per 
million. 

Table XVII. — Q)mparison of Phenol Sulphonic Acid and Reduc- 
tion Methods. 



Amount KNO, added 

0.50 

1. 00 

5.00 
20.00 
50.00 



Phenol Sulphonic Acid 

metnod. 

Mason's standards 

0.43 
0.817 

4.60 

19.45 
49.50 



Reduction method. 
Copper 2Unc couple 

0.51 
0.91 

4.27 
18.87 

43.71 



It appears, then, that for low nitrate content the reduction method 
gives the best results, while if the nitrogen present exceeds five parts per 
million the phenol sulphonic acid method is the better. 

The two methods were tested in actual practice by analyzing a 
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number of waters by both methods. The results are given in the follow- 
ing table. Neither method was perfected at the time the data was 
obtained, but nevertheless the results are fairly indicative of their relative 
value. All the figures refer to parts per million. 

Table XVIII.— Comparison of Reduction and Phenol Sulphonic 

Acid Methods. 



Laboratory 
number 


Reduction method 


Phenol Sulphomc 
Add method 


Chloride content 


3 


0.40 


0.35 


37.00 




0.4s 


0.40 




lO 


0.23 


none 


36.23 


13 


0.06 


none 


16.60 


14 


none 


none 


12.82 


15 


4.0 
4.2 


6.00 


22.00 


16 


O.II 


none 


18.44 


If 


none 


none 


56.50 


18 


0.24 


none 


41.10 


19 


0.08 


none 


26.30 


20 


o.io 


none 


52.80 


21 


0.18 


none 


37.50 


22 


0.08 


none 


48.70 


23 


0.04 


none 


33.40 


25 


0.72 


0.50 
0.53 


39.20 


24 


i.o 


0.9 


37.30 




1.3 


0.9 




26 


none 


none 


13.82 


27 


none 


none 


17.50 


28 


none 


none 


17.70 


29 


0.16 


o.io 
0.15 


24.10 


30 


none 


none 


36.90 


31 


1.23 


1.5 
2.0 


14.30 


32 


none 


none 


19.80 


33 


o.is 


none 


20.50 


34 


0.15 


none 


14.50 


35 


0.08 


none 


10.60 


36 


0.02 


none 


9.40 


37 


none 


none 


40.57 


39 


2.00 


1.8 
1.6 


25.45 


40 


none 


none 


31.81 


41 


none 


none 


14.75 


42 


none 


none 


61.50 


43 


0.18 


none 


135.50 


44 


O.II 


none 


29.50 
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Table XVIII (Continued). 



Laboratory 
number 


Reduction method 


Phenol Sulphomc 
Add memod 


Chloride content 


45 


0.26 


none 


42.41 


46 


0.72 


0.3 


42.41 


47 


2.04 


2.0 
2.3 


30.40 


48 


none 


none 


79.20 


49 


0.12 


none 


27.70 


SO 


0.04 


none 


27.85 


SI 


o.io 


none 


37.15 


S2 


0.16 


0.25 
0.30 


38.26 


53 


0.14 


0.20 
0.20 


4592 


54 


none 


none 


37.43 


55 


O.II 


none 


37.53 


68 


0.19 


0.25 


24.25 


80 


0.46 


0.35 


173.89 


82 


0.30 


0.25 
0.27 


20.80 


84 


0.84 


0.78 


14.75 


97 


2.44 


2.30 


30.89 


98 


1.60 


1.70 


26.55 


99 


0.44 


0.47 


27.84 


100 


0.36 


0.40 


26.18 



The data given may be summarized as follows: Fifty-one waters 
were examined by both methods. Of these twelve gave no nitrate by 
either method. Twenty gave amounts of nitrate varying from 0.02 to 
0.26 parts per million by the reduction method, and none at all by the 
phenol sulphonic acid method. The other nineteen gave nitrate by both 
methods. In no case was nitrate found by the phenol sulphonic method 
and not by the reduction method. 

Of the twenty cases where nitrates were found by the reduction 
method and not by the phenol sulphonic acid method, fifteen gave 
amounts between 0.02 and 0.15 parts per million and five between 0.18 
and 0.26 parts per million. In the group of fifteen the chlorides present 
ranged from 9.40 to 52.80 parts per million. In the group of five the 
chloride content varied from 36.23 to 135.50 parts per million. In no 
case was as much as 0.18 parts per million of nitrogen lost by the phenol 
sulphonic acid method in the presence of less than 36.23 parts per million 
of chlorides. 

Of the nineteen cases where nitrates were fotmd by both methods, 
in ten the reduction method gave the highest value, and in nine the 
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phenol sulphonic add method. This result cannot be explained by varia- 
tion in the chloride content, nor can it be said from these data that one 
method is better than the other for low or for high nitrate content. In 
the ten cases where the reduction method gave the highest result the 
average difference was 0.16 parts per million. In the nine cases where 
the highest result was obtained by the phenol sulphonic acid method, 
discarding No. 15, one of the first analyses and an extreme case due 
possibly to faulty analysis, the average difference was 0.13 parts per 
million. 

From the data presented the following conclusions may be drawn. 
For waters containing large amounts of chlorides the nitrogen present as 
nitrate may best be determined by the "reduction method." If the result 
of the determination indicates a nitrogen content in excess of five parts 
per million, the determination should be repeated, using the phenol 
sulphonic acid method and standards prepared according to Mason's 
method. Neither method gives strictly quantitative results. The ex- 
perience obtained in this investigation indicates that an error of ten per 
cent may be made in the case of low nitrates using the reduction method, 
while with very high nitrate content, twenty parts per million or over, 
the phenol sulphonic acid method gives results within three per cent of 
the theoretical. 

One limitation to the application of the reduction method should be 
considered, and that is met in the case of sewage or water containing 
very large amounts of vegetable matter. In such cases Parvis and 
Courtland* have found that the reduction method gives larger quanti- 
ties of ammonia than correspond to the nitrates and nitrites in the water. 
They conclude that the copper-zinc couple reduces more of the nitrogen 
present as organic matter to ammonia. Tiemann and Gaertner, in the 
case of solutions to which egg albumin and caramel have been added, 
conclude that the albumin gives too high a result, while the caramel 
retards the reduction. None of these results, however, interfere with the 
application of the method to normal, potable waters, and it may still be 
regarded as the best method available for normal waters of high chloride 
content. 

The Determination of the Chlorides. 

The chlorides were determined in one hundred cubic centimeter 
portions by the usual method of titration with silver nitrate solution in 
the presence of potassium chromate as an indicator. In a few extreme 
cases smaller amounts of the samples were used. 

*Proc. Catnb. Phil. Soc. 14: 441 (July 16). 
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The Determination of the Hardness and Total Solids. 

Hehner's acid method was used in the determination of both the 
temporary and the permanent hardness. As determined by this method 
the temporary hardness is the same as the ''alkalinity." Erythrosine in 
the presence of chloroform was used as an indicator. The results were 
expressed in terms of parts per million of calcium carbonate. 

The total solids were determined by the evaporation of one hundred 
cubic centimeter samples in weighed platinum dishes. The dishes con- 
taining the residues were heated for an hour in an air bath at 105^ C. 
After the first weighing the heating was repeated for half an hour, or 
until a constant weight was obtained. The change of the residue on 
ignition was determined by holding the platinum dishes in the flame of a 
burner. The blackening which resulted was described as "very slight/' 
"slight," "distinct," "decided," "considerable," and "excessive." The loss 
in weight on ignition was not determined. 

The analytical results obtained are presented in the Table XIX. 
Certain determinations, namely those concerning the turbidity, sediment, 
color, odor and change on ignition are omitted for the sake of conciseness. 
The results of these determinations are discussed on page 39. 

The area under investigation has been subdivided into sections, with 
reference to the various watersheds, each subdivision consisting of the 
watersheds either of one stream with its tributaries, or of a gjoup of 
small independent streams. The subdivisions are desigfnated as "E" or 
"W" according to their location on the eastern or western slope of the 
main ridge, and are numbered from north to south. There are thirteen 
such subdivisions on each side. The exact boundaries of these subdivis- 
ions are indicated by broken lines on the accompanying map. This map 
shows also the streams and their main tributaries, the principal towns, and 
the location of each point of collection of a sample. These points are 
indicated by a circle, followed by a number which is the laboratory num- 
ber of one sample collected at the indicated place. With the aid of this key 
number, the analyses of the other samples from the same place may be 
found in the table. 

The table is arranged as follows : In the first column is given the 
number of the subdivision, thus "W.6" means the sixth division from the 
north on the western slope, and reference to the map will show that this 
is the area drained by "Frenchman's creek." The subdivisions are 
arranged in order according to their location from north to south on the 
eastern, and then on the western slopes. In the second column, headed 
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"class," is given first a letter indicating the classification of the water 
according to the system described on page ii, and then a symbol indicat- 
ing whether the source be a stream, spring or catchment reservoir. "St." 
indicates a stream, "Sp." indicates a spring, and "R" indicates a catch- 
ment reservoir whether artificial or a natural pond. The third column 
gives the date of the analysis in month and year. The arrangement of 
the analyses in the table is uniformly in the order : fall — ^winter — spring. 
The fourth coltunn contains the laboratory number of the analysis, and 
the other columns give the results of the analysis expressed in parts per 
million. 

Discussion of Analytical Data. 

The results of the determinations of turbidity, sediment, color, odor, 
and change on ignition were omitted from the table. They may be sum- 
marized as follows : 

Most of the samples showed very slight or no turbidity. As a class 
the catchment reservoirs showed greater turbidity than did the streams. 
A few samples from streams collected after heavy rainfall showed marked 
turbidity. The samples bearing the following laboratory numbers 
showed turbidity graded "distinct" or "decided,"* — 17, 49, 67, 75, 76, 82, 
99, III, 112, 114, 115, 116, and 185. 

The sediment was generally very slight. Like the turbidity it was 
more marked in samples from catchment reservoirs than from streams, 
and was pronounced in those from streams after heavy rainfall. It was 
graded above "slight"* in the samples numbered 18, 19, 46, 75, j^^ 82, 
99, 115, and 185. Neither the sediment or the turbidity was found to 
have an appreciable effect on the more important constitutents. 

The only samples where any appreciable color* was detected were 
the following: "very slight yellowish" in 27; "slight yellowish" in 11, 
17, 18, 19, 20, and 30 ; "decided yellowish" in 10 ; "slight brownish" in 
46, 49, 51, 82, 96, 98, 99, 103 and 161 ; "brownish" in 100, iii, 112, 115, 
116, and 185. 

The odor was determined in every sample before and after heating. 
In jz samples, of which 15 samples were from deep wells, no odor could 
be detected. The most common odor was "vegetable" and next to it 
"earthy." The "vegetable" odor was most marked during the winter 
months, and the "earthy" during the fall months. In all 62 samples gave 
a "vegetable" odor, of which 23 gave less odor when heated, 27 gave 
more, and 12 showed no difference. An "earthy" odor was detected in 

*cf. page 12. 
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31 samples, of which 20 gave less odor when heated, 8 more, and 3 
showed no difference. The "earthy" odor, therefore, is generally de- 
creased by heating. Samples numbered 19 and 106, both from catchment 
reservoirs, gave a distinct "fishy" odor when heated, and sample 133, also 
from a reservoir, gave a decided "fishy" odor when cold which was 
decreased by heating. The following exceptional odors were also noted : 
22 gave cold, faint "musty," hot, none ; 179 cold, faint "mouldy," hot, faint 
"mouldy"; 39 and 40 cold, faint "mouldy," hot, very faint "mouldy"; 
51 cold, faint "mouldy," hot, distinct "mouldy." A study of the data 
leads to the conclusion that the streams generally have a faint "vegetable 
odor which is especially marked during the winter months, an "earthy 
odor in the fall is not uncommon, and absence of odor is most common 
in the spring. The water from the deep wells may have a faint "earthy" 
odor, but is generally odorless. 

The blackening of the residue on ignition in the samples from 
streams was generally "very slight" or "slight."* Thus 4 samples 
showed "no" blackening, 29 "very slight," 33 "slight," 19 "distinct," 19 
"decided," and 5 "considerable." The amount of blackening was some- 
what greater during the winter and spring than during the summer and 
fall. This is to be expected, since the rains wash considerable quantities 
of animal and vegetable matter into the streams. The streams on the 
western slope gave somewhat greater amounts of blackening than those 
on the eastern, but the difference was not very marked. The Corte 
Madera Creek gave uniformly high results, which, together with the 
abnormally high total solids shown by the same samples, may be due to 
the fact that the bed of the stream was greatly disturbed by the earth- 
quake of 1906. Extensive landslides along its banks completely choked 
the stream with vegetable and mineral debris ; and in many places forced 
it to seek a new course. When the samples were taken sufficient time for 
the restoration of the normal condition of the stream bed had not elapsed. 

The samples from springs showed either "slight" or "very slight" 
blackening. Those from catchment reservoirs showed generally "dis- 
tinct" or "decided," and were highest during the fall months at the end 
of the dry season. Certain reservoirs gave uniformly somewhat higher 
results than others. The samples for the deep wells showed either "very 
slight" or "no" blackening. 

In the further discussion of the analytical data the several substances 
determined will be taken up in the order in which they are given in the 
table. The streams, springs, and catchment reservoirs will be considered 
first, and the wells will be dealt with in a separate class. 

*cf. page 38. 
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Free and Albuminoid Ammonia. 

The amount of organic matter in the water of a stream is indepen- 
dent of the geographical location of the watershed, and of the wind and 
fog conditions, but is markedly influenced by the surrounding vegetation 
and the time of the year. On the eastern slope the free ammonia during 
the fall months varied from "none" to o.oio parts per million. It was 
about the same in the northern part of the western slope, but higher in 
subdivisions W. 8 to W. 13. Here the highest content was 0.038 parts per 
million, and the average 0.022 parts per million. These divisions in- 
clude the watersheds drained by the Purisima, Lobitos, Tunitas, San 
Gregorio and Pescadero creeks, and are the most heavily wooded of any 
in the area investigated. The ammonia content of these streams is at all 
seasons different from that of the streams whose watersheds are less 
heavily wooded. During the winter months the streams on the eastern 
side generally show a slight increase in free ammonia, reaching a maxi- 
mum of 0.020 parts per million. The same is true on the west, except 
in divisions W. 11 and W. 13, where the increase is up to 0.044 parts per 
million. In the spring there is a general decrease in the free ammonia 
throughout the whole territory to less than the fall content. On the east 
the range is about the same, but the average lower ; on the west, especial- 
ly in divisions W. 8 to W. 13, the decrease is more marked, the maximum 
being 0.014 parts per million. 

The following maximum values may be taken for class "A" and "B" 
streams. In the fall, generally o.oio parts per million, in especially 
heavily wooded regions 0.040 parts per million. In the winter generally 
0.020 parts per million, in especially heavily wooded regions 0.050 parts 
per million. In the spring generally lower than in the fall in individual 
cases with a maximum of o.oio parts per million except in heavily 
wooded regions where the maximum may be 0.015 parts per million. 

The amount of albuminoid ammonia varies differently from that 
of free ammonia. Thus on the eastern side during the fall months the 
content varies from 0.028 to 0.050 parts per million. On the western 
slope the amount is greater, varying from a maximum of o. 118 parts per 
million in the north to one of 0.130 parts per million in the southern, 
W. 8 to W. 13, heavily wooded districts. During the winter there is a 
general decrease on the eastern side to almost one third of the above 
values. On the northern part of the western slope this is less marked, 
and in divisions W. 8 to W. 13 the variation is reversed and there is an 
increase to a maximum of 0.160 parts per million. In these regions of 
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heavy forest growth the amount of vegetable matter washed into the 
streams by the rains evidently overbalances the effect of the consequent 
dilution of the stream. In the spring there is an increase in the albuminoid 
ammonia in the streams on the eastern side to a value below that for the 
fall months, while on the west there is a decrease to a similar value, 
which is evidently the result of the thorough washing of the stream beds, 
and the absence of any amount of decaying vegetable matter, such as 
leaves, along the banks of the streams. 

The maximum values for streams of classes "A" and "B" on the 
eastern side are: in the fall 0.050 parts per million, in the winter 0.025 
parts per million (except in such a special case as the Corte Madera 
Creek, which has been discussed on page 50), and in the spring 0.030 parts 
per million. On the western side the values are higher; in the fall the 
northern streams may contain as much as 0.118 parts per million, and 
the southern 0.130 parts per million. In the winter the streams draining 
the heavily wooded regions, such as W. 8 to W. 13, reach a maximum of 
0.160 parts per million. In these latter districts the amounts in the spring 
do not exceed 0.070 parts per million. 

Disregarding the seasons, it may be stated that a stream of pure 
water in this area may contain as high as 0.050 parts per million of free 
ammonia, and 0.160 parts per million of albuminoid ammonia. 

The streams known to be somewhat polluted and classed as "D" 
contained amounts of albuminoid ammonia in excess of the normal values 
that have been given. This was especially true during the fall months. 
At this time the presence of an excessive amount of albuminoid ammonia 
is a good indication of pollution, but after the winter rains the deter- 
mination loses much of its significance. Thus the maximum during the 
fall on the eastern slope was given as 0.050 parts per million. Some 
streams graded "D" gave the following values, 0.118, 0.094, and 0.052 
parts per million. In only one of these cases was the free ammonia above 
the normal value. The streams graded "C" generally showed somewhat 
abnormal albuminoid ammonia content and very rarely a somewhat high 
value for the free ammonia. The tendency was to give high albuminoid 
ammonia in the fall, followed by less than the normal decrease during the 
winter, and high or average content in the spring. 

The springs examined are too few in number to admit of any re- 
liable conclusions being drawn. They all gave the largest amounts of 
ammonia in the fall, and the lowest (with one exception) in the spring. 
The maximum values were 0.022 parts per million of free ammonia, and 
0.074 parts per million of albuminoid ammonia. 

The reservoirs vary somewhat among themselves, depending on how 
well they are cared for. Thus, for example, the Crystal Springs Lake 
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reservoir in the fall of 1908 showed a very much higher content of organ- 
ic matter than in the fall of 1907. At the same time the statement was 
published in the newspapers that the owners had allowed the lake to be- 
come very dirty through neglect of the usual removal of the plant 
growths along the shores. Such a factor as this would overbalance any 
ordinary seasonal variation, and make comparison between cared-for 
and uncared-for reservoirs impossible. The data collected justify the 
following statements. The free ammonia should not exceed 0.030 parts 
per million under normal conditions. It is lowest in the fall, reaches a 
maximum during the winter, and decreases ag^in in the spring. In a 
clean reservoir the albuminoid ammonia should not exceed 0.150 parts 
per million at any time; if the vegetable growth is unchecked the value 
may reach 0.250 parts per million. It is lowest in the spring, higher in 
the fall, and reaches a maximum value during the winter. The time of 
this maximum is the natural result of the addition of the vegetable matter, 
such as leaves, etc., carried by the streams at this time of the year. 

Nitrites. 

Small amounts of nitrites may be found in the streams at any season 
of the year, and may be regarded as insignificant. The amount should, 
however, not exceed 0.003 parts per million in the winter, or o.ooi parts 
per million at other seasons. A larger amount requires either some ex- 
planation such as would be given by abnormally high ammonia or nitrate 
contents, or assurance from the character of the watershed that pollution 
is out of the question. Even this small amount of nitrite is very rarely 
found during the fall or spring months, but a trace var3ring from 0.0005 
to 0.002 may be regarded almost as a normal constituent during the win- 
ter. Streams graded "C" and "D" gave as high as 0.005 parts per 
million at var3ang seasons of the year. The almost invariable presence 
of free ammonia indicates that the process of decay induced by the 
"bacteria of nitrification'* is actually taking place, and therefore a small 
amount of nitrite, since it is one of the transition products of this decay, 
is to be expected. Experience has shown that this amount is generally too 
small for detection, so that the presence of any detectable amount of 
nitrite in a stream, during the spring or fall months, may rightly arouse 
a suspicion as to the purity of the water which should require that direct 
evidence to the contrary be produced. 

The springs examined which by their location were the least exposed 
to pollution did not contain any nitrites at any time. Two others showed 
rather large amounts. One, E. 4., B. No. 31 in the table, contained at the 
same time rather large amounts of nitrates, and the other, E. 6, C. No. 15 
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in the table, was not free from the possibility of direct pollution and con* 
tained distinctly abnormal amounts of nitrates. On the other hand 
another spring, W. 3, B. No. 47 in the table, contained a large amount of 
nitrate, but no nitrite. 

In the case of the reservoirs the data are much the same as those for 
the streams. A quantity as small as o.ooi parts per million may be found 
at any season, but very rarely in the fall or spring, and is insignificant. 
In the winter the amount may reach 0.006 parts per million. A quantity 
is excess of this latter value should arouse suspicion. 

Nitrates. 

The streams do not normally contain any appreciable amount of 
nitrates during the fall months. In a few cases streams classed "A" or 
"B" showed as high a nitrate content as 0.15 parts per million on the 
eastern side, and 0.50 parts per million on the western. During the 
winter and spring months nitrates generally appear in those streams 
which contain none in the fall, and increase in the others. With a single 
exception nitrates above 0.75 parts per million were not found in any 
stream classed "A" or "B" at any time. The single exception was a 
stream on the northern part of the western slope (W. 3, No. 39) which 
showed a content as high as 2.0 parts per million. A spring in the same 
valley gave 2.^ parts per million nitrates with low ammonia and no 
nitrites. Both of these waters are distinctly abnormal. The surrounding 
country is wild and uninhabited, so that pollution is out of the question. 
It is of the same character as that of W. 2, 4, and 5, none of which 
furnished a similar case. The explanation must be sought in some abnor- 
mal underground condition. 

The normal values for nitrates may be stated thus : in the fall, none, 
sometimes 0.15, and very rarely 0.50 parts per million. A trace of nitrate 
is a normal constituent during the winter and spring months, but the 
amount should not exceed 0.75 parts per million, and generally does not 
exceed 0.50 parts per million. An amount in excess of 0.75 parts per 
million may rightly be regarded with suspicion. The reverse of this, 
that polluted water will contain more than 0.75 parts per million of nit- 
rates, does not hold, for waters graded "C" and "D" very rarely showed 
any abnormality in the nitrate content. 

No reliable conclusion can be drawn from the data on the springs. 
Some gave higher values than others for no apparent cause. More than 
2.0 parts per million at any season should certainly be considered sus- 
picious. 



DISCUSSION OP ANALYTICAL DATA. — -CHLORIDES 53 

The data on the reservoirs are more satisfactory. Here the normal 
conditions are the same as those for streams, namely no nitrates in the 
fall, and an amount not exceeding 0.75 parts per million during the winter 
and spring. This absence of nitrates in the fall is the natural result of 
their absorption by growing vegetation, for during the rainless summer 
months the fresh supply from streams is either completely cut off or very 
much curtailed. 

Chlorides. 

The discussion of the data concerning the chlorides will necessitate 
the consideration of each watershed separately, with regard especially to 
the local meteorological conditions, before a summary of the results is 
attempted. One point, which is of pronounced and general application, 
may well be considered in advance, namely the seasonal variation. This 
factor is of g^eat importance in this region. As has been mentioned* 
the climate is characterized by a long, rainless summer, during the greater 
part of which strong winds, the "trade winds," blow regularly day after 
day from the northwest, over the ocean, and towards the land. These 
winds very often carry with them a bank of heavy fog and spray, whose 
progress eastward is more or less checked by the ridge of mountains 
running the length of the peninsula. As a result the western slope is 
exposed to sea-wind and sea-fog conditions which are extreme in charac- 
ter. These winds sweep over the ridge of mountains, concentrating with a 
funnel-like effect in the lowest saddles,! and sometimes carry the fog with 
them, and spread it in a fan shaped bank over the upper part of those 
eastern watersheds which head near such a pass. Thus the eastern water- 
sheds are unequally exposed to the effect of this sea fog. The warm air 
of the valley prevents the progress of the fog eastward to any great ex- 
tent, and a low ground fog in the valley is almost unknown. More often 
a high fog collects over the valley during the night, but this is usually 
dispelled a few hours after sunrise. These wind and fog conditions are 
peculiar to the summer months. 

At the same time the climate is characterized by a practically com- 
plete absence of rain. The very rare summer shower is so quickly 
absorbed by the dry ground and vegetation, that its effect may be neg- 
lected. This absence of rain causes a very marked shrinkage in the 
streams, amounting generally to the drying up of the greater part of their 
lower courses, and sometimes to their complete disappearance. The same 

♦Page 9. 

t These saddles, and the resulting wind currents, are indicated on the map with 
small arrows. 
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cause effects considerable concentration of all the water, stream and catch- 
ment reservoir, with a consequent increase in the chloride content. In the 
fall, the first rain is generally absorbed in the ground, and has little or no 
effect on the streams and reservoirs. When the heavy winter rains come, 
they introduce two factors. The rinsing of the watersheds and stream 
beds, and the dilution of the streams and reservoirs. This rinsing effect 
is not shown by any of the data, in every case a drop in the chloride con- 
tent indicates the preponderating influence of dilution. Here again a 
marked difference between the streams on the eastern and western slopes 
is noticed. On the eastern side the influences which have been described 
apply with full force, on the western they are modified. In general it is 
true that the western streams are larger, and more constant in their flow, 
than the eastern. The moisture carried to their watersheds by the fog 
which has been described, as well as the dense forest growth in the 
southern part of the area, both counteract the concentrating effect of the 
rainless summer months. Moreover in the heavily wooded r^ons the rain 
water runs off much more slowly, and the diluting effect is less marked. 
As a result of these factors a less pronounced difference in the chloride 
content of the western streams between fall and winter is to be expected, 
and was actually found to be the case. The above differentiation between 
the eastern and western streams is a general one to which there are a few 
exceptions. The southern part of the eastern slope resembles in character 
that of the western, and the data reflect this similarity. In the same wa> 
the northern part of the western slope approaches in character to that of 
the eastern and affords corresponding data. 

In the spring, before the beginning of the "dry" season, the contents 
of all the waters examined are intermediate between those of the winter 
and fall. These peculiar climatic conditions, which are characteristic to 
a greater or less degree of the whole Pacific coast of California, should be 
borne in mind when these data are compared with those of Eastern states. 
In the latter, where there are no distinct "dry" and "rainy" seasons, the 
variation between fall and winter is very much less pronounced, and is 
probably negligible. This seasonal variation introduces a factor which 
makes the construction of "isochlors" in the usual sense of the word im- 
possible ; for in this climate they can only indicate an average value, which 
must be modified according to the season. At the same time the import- 
ance of the study of local conditions, and the establishment of local stand- 
ards for all seasons is greatly emphasized. 

The subdivisions will next be considered separately, beginning on 
the East and proceeding from North to South, and then dealing with those 
on the western slope in the same order. 
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Chloride Content of Each Subdivision. 

E. I. — ^Thc division E. i includes all the territory east of the main 
ridge from the northern boundary of the field of this investigation, at 
Baden station^ southward to the watersheds of San Andreas Lake and San 
Mateo Creek. This large area contains no important streams, none that 
flow at a time other than immediately after a heavy rainfall. The main 
ridge is low at the northern end, approximately 700 feet high, and the 
trade wind sweeps over it with almost unchecked force. 

The ground is broken into irregular rolling hills and valleys, all 
exposed to wind and fog. Among these hills are a number of small 
ponds which are fed partly by rain water and partly by springs. The 
surrounding fields are used for the pasturage of cattle in connection with 
several dairies. High chlorides and high organic matter would therefore 
be expected in the pond waters. The data collected confirm this infer- 
ence. One of the largest ponds showed chlorides amounting in parts per 
million to 44.74 in the fall, 31.72 in the winter, and 37.64 in the spring. 
Two smaller ones gave in the spring 86.67 ^uid 23.97 respectively. The 
former gave evidence of pollution and was graded ''D," the latter was 
simply an accumulation of rain-water, and dried up early in the summer. 
The significant data are those given for the large pond, which show an 
average chloride content of 38.03 parts per million. 

E. 2 — ^The division E. 2 includes San Andreas Lake and the sur- 
rounding hills whose streams drain into it. This lake is formed artificially 
by a dam at the southern end which impounds the water of a stream orig- 
inally flowing towards the southeast. The resulting valley is protected on 
the west by the main ridge, which reaches an altitude of 1000 feet, but is 
exposed to the winds from the northwest. During the summer the trade 
wind sweeps through the valley with considerable violence, and carries 
with it some fog and spray. In addition to the waters flowing naturally 
into it, the lake is supplied through artificial flumes and tunnels with water 
from Lake Pilarcitos and from Stone Dam, both in W. 7. It is drawn 
upon continually as a part of the San Francisco water supply system. 
The chlorides found were in parts per million in the fall 23.33, ^^ ^^ 
winter 19.36, and in the spring 21.70. The average value is 2146 parts 
per million. The average of the added water for Lake Pilarcitos is 19.19 
parts per million, and of the much smaller volume from the Stone Dam is 
24.21 parts per million. The average value for San Andreas, which is 
lower than those to the south as well as to the north of it, must be 
considered as accounted for, at least in great part, by this dilution with 
water of relatively low chloride content. 
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E. 3 — ^The division E. 3 includes the watersheds and tributaries of San 
Mateo Creek. This stream rises in the hills to the west of E. 2, and orig- 
inally flowed southeastward to a point, southwest of San Mateo, where a 
break in the chain of low hills between its course and the bay afforded an 
outlet northeastward. At this pass in the hills a very large dam was 
constructed in connection with the San Francisco water supply system, 
which resulted in the formation of Crystal Springs Lake. This latter is 
now a narrow, deep body of water some five miles long. It is supplied 
by San Mateo Creek and another small stream flowing from the north, by 
large amounts of rain water from the extensive watersheds to the north, 
west, and south, and by springs along its bottom. An inspection of the 
map will show the striking alignment of the San Bruno pond, San An- 
dreas Lake, Crystal Springs Lake, Searsville Lake, and the ponds along 
the Los Trancos ridge, all following an old fault line which is now 
characterized by a large number of springs along its whole length. The 
northern two-thirds of the watershed is rigidly patrolled by the owners, 
and, with the exception of a few negligible keepers' houses, is absolutely 
uninhabited. To the southwest the watershed is crossed by three county 
roads, one of them much travelled, and along which a number of ranches 
are located. Pollution from these sources is not impossible, but the prob- 
ability is so remote as to be negligible, especially when the long storage 
of the water in the lake is taken into account. Although the mountains to 
the west reach an altitude of a thousand feet, the valley is nevertheless ex- 
posed to the winds from the northwest. The greater distance from the 
ocean, as well as the better protection given by the mountains, lessen 
materially the amount of fog and spray carried with the wind. On the 
western boundary of the watershed and near the southern end, there is 
one of the saddles (altitude about 800 feet) which have been referred 
to.* The ocean to the west approaches the ridge at this point (Half- 
Moon Bay) and the winds sweep up the valley formed by Pilarcitos 
Creek, and through this pass, with considerable violence. 

Chloride determinations were made in this division with the follow- 
ing results : On San Mateo Creek, some three miles above the inflow into 
the lake, a small seasonal variation with an average content of 21.50 
parts per million was found. A mile further down, in the spring, 23.04 
parts per million; on the tributary to the east, a stream dry from late 
spring to winter, 25.35 P^^^ts per million were found after a heavy rain- 
fall. In the lake itself, near the dam and the intake of the pipe line, the 
amounts in parts per million were, in the fall 26.30, in the winter 22.59, in 
the spring 25.36, in the fall again 26.30. The average is 25.14 parts per 
million. A sample from the creek below the dam, carrying the drainage 
from the keeper's house, bams, etc., gave in the fall 41.1 parts per million. 

♦Page 53. 
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E. 4 — Division E. 4 consists of the region between the foothills and 
the bay from Belmont to Menlo Park. It contains no streams that carry 
more than rain water during the winter, a catchment reservoir at Bel- 
mont, and a number of springs in the foothills. The reservior at Belmont 
is somewhat exposed to pollution from the ranches on the watershed. It 
was sampled once, in the fall, and showed a chloride content 56.5 parts 
per million. A spring in the hills southeast of Redwood City, located in a 
cattle pasture and inadequately protected, gave a small seasonal variation 
and an average of 14.19 parts per million. 

E.5 — ^The division E. 5 is one of the largest, and has the most complex 
drainage system, of any in the territory under investigation. The length 
along the main ridge is some eleven miles, the width between the ridge 
and the foothills is from three to four miles. The height of the ridge 
increases from 2200 feet at the northern end to a maximum of 2555 feet 
at the southern ; a little further south is Black Mountain with an elevation 
of 2787 feet. Along this ridge there are three saddles : One with an eleva- 
tion of about 2000 feet at the northern end, at what is locally known as 
King's Mountain House ; a second, very near the middle, with an elevation 
of 1680 feet ; and the third at the southern end, with an elevation of about 
2000 feet, and located between two peaks of 2555 and 2787 feet elevation 
respectively. The ocean winds sweep over the land west of the ridge 
with unbroken force, and are concentrated, funnel-fashion, at each of 
these saddles. At these points the fog and spray are carried over the 
ridge line, and spread out, over the upper parts of the neighboring water- 
sheds. During the summer months this fog condition is of almost daily 
occurrence, and must be considered as an important factor in influencing 
the chloride contents of the adjacent streams. 

There are three distinct streams in this division, each with a number 
of tributaries, and all flowing eventually into the San Francisquito Creek 
and hence into the bay. The middle system consists of the Corte Madera 
Creek, its tributaries, and the small mountain streams as far northward as 
Bear Creek. All these streams flow together at Searsville, where a large 
dam impounds them. At the height of the rainy season a large amount 
of water flows over the dam, otherwise the only outlet is through the 
pipes of the Stanford University water system. North of this system 
Bear Creek, West Union Creek, and a few small tributaries first unite 
and then join the San Francisquito Creek just below the Searsville dam. 
The largest of these, and the only one that generally flows throughout 
the year, is Bear Creek, but the greater part of its water is collected by a 
dam near the point where the stream enters the valley, and is diverted 
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through a pipe line into an artificial reservoir known as "Bear Gulch" or 
"Menlo" reservoir. A small amount of water flows down the upper part 
of the West Union Creek channel during the greater part of the year. 
The third, southern, system is composed of Los Trancos Creek and its 
tributaries, and enters San Francisquito Creek about two and a half 
miles below the Searsville dam. 

The watershed of the northern. Bear Creek, system is exposed to 
the ocean winds coming through the saddle at King^s Mountain House. 
Samples from a good sized stream, unquestionablely pure, showed a nor- 
mal seasonal variation and an average value of 18.09 psirts per million of 
chlorides. Another motmtain stream, sample in the winter, gave 15.67 
parts per million. Bear Creek, at the diverting dam, gave an average of 
18.99 parts per million. In the "Bear Gulch" reservoir the average was 
20.04 parts per million. West Union Creek, known to be somewhat pol- 
luted, gave an average of 28.66 parts per million. Just above its junction 
with San Francisquito Creek the chlorides in the fall were 63.6 parts per 
million, and after heavy rains the more normal value of 18.9 parts per 
million. 

The abnormal conditions existing in the bed of Corte Madera Creek 
have been described on page 50. In the upper part of the stream the 
average was 26.98 and from the lower, below possible sources of pollu- 
tion, it was 38.14 parts per million. Two small streams well up on the 
watershed gave, in the winter, values of 15.58 and 14.75 parts per million, 
and down in the valley below several ranches, the main stream showed, in 
the fall, 41.5 parts per million. This watershed is exposed to the effects of 
the southern saddle described on 57. The fog appeared to cross the 
ridge at this point as often, if not more often, than at any other point. In 
Searsville Lake the average chloride content was 30.75 parts per million. 

The Los Trancos watershed is somewhat less exposed, as it is sep- 
arated by a ridge of Black Mountain from this southern saddle. Along 
this ridge are located a number of ponds, whose position in a line with 
Searsville, Crystal Springs, and San Andreas lakes has been noted on 
page 56. The largest of these ponds gave an average chloride content in 
the winter and spring of only 9.40 parts per million; another, in the 
spring, 13.52; a small stream flowing from a spring nearby, an average 
of 14.16 parts per million. The creek itself, above possible pollution gave 
an average value of 18.78, and below possible pollution, 27.90 parts per 
million. 

E. 6 — ^The subdivision E. 6 is a small, hilly area, drained by Madera 
Creek. The stream is dry in the late spring and fall, and is obviously pol- 
luted at all times by the drainage from a number of ranches along its 
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course. The area is further characterized by the presence of a large niun- 
ber of springs. Five of these, sampled in the winter, gave chloride con- 
tents varying from 14.38 to 28.20 parts per million. The average from the 
three seasons of one of them, graded "C," was 20.77 parts per million. 

E. 7 — ^The division E.7 is the one drained by San Antonio, or "Adobe" 
Creek. The watershed is well protected by Black Mountain from the 
effect of the trade winds, and the upper part of the stream carries a good 
flow of water throughout the year. Sampled above any possible source 
of pollution an average value of 17.23 parts per million was found, and 
tributaries gave corresponding values for their chloride contents. 

E. 8— Subdivision E. 8 consists of the two forks of Permanente Creek 
and their watersheds. They are both well protected by Black Mountain 
from the wind and fog. The northern is almost dry except in mid-winter. 
A tributary stream flowing from a spring well up the side of the mountain 
gave an average chlorine content of 12.68 parts per million. The south- 
em fork flows the year through unless the summer be exceptionally dry. 
Above any possible pollution the average chloride content was 16.35 parts 
per million, with a very small seasonal variation ; a tributary of the same 
character gave 16.29 ; further down, below a little cultivation, the average 
was 19.54, and in the valley, below obvious pollution, it was 35.59 parts 
per million. 

E. 9 — Stevens Creek, whose watershed is subdivision E. 9, is one of 
the larger streams on the eastern slope. It rises near the summit of Black 
Mountain, on the southern side, and near the southern saddle described 
on page 57 where the division E. 5 was described. The course is at 
first southeastwards for about three miles. The watershed is formed by 
a valley between the main ridge, which here has an elevation of about 
2500 feet, and Monte Bello ridge. The latter starts at the summit of 
Black Mountain at an elevation of 2787 feet, but descends to about 1500 
feet at a point some three miles to the southeastward. This valley is 
parallel to, and in line with, the valleys described in division E. 2, E. 3, 
and E. 5. At the summit it is exposed to wind and fog, but otherwise it 
is well protected by the main ridge. At a point about three miles south- 
east of Black Mountain the valley is crossed by Table Mountain (eleva- 
tion about 2000 feet) and the stream is turned northeastward. After 
flowing about two miles in this direction, around the end of Monte Bello 
ridge, the stream reaches the open valley. Beyond this the stream bed is 
dry from late spring till late fall, but during the winter it runs almost 
due north to San Francisco Bay. 

The headwaters, a tributary at Table Mountain, and the lower 
stream near the valley were sampled at the three seasons, and fall samples 
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for chlorides only were taken along the whole course of the stream and 
from many of its tributaries. For the upper part of the watershed values 
for the chloride content between 13.82 and 17.70 parts per million were 
found. In the lower stream, below possible pollution, the content was as 
high as 25.63 parts per million. 

E. 10 — ^The subdivision E. 10 is a small one of little importance. It 
consists of the area between E. 9 and E. 11, which is drained by a stream, 
Calabazas Creek, which is dry for the greater part of the year. The min- 
eral springs known as"Azule Springs" are located on the upper part of the 
watershed. A sample from the creek in the fall, below possible pollution, 
and just above the point where the stream disappeared, gave 28.58 parts 
per million of chlorides. 

E. II — ^The area designated E. 11 is a large one, and consists of the 
watersheds drained by Campbell Creek and its tributaries. The main ridge 
(elevation from 3000 to 2500 feet), runs northwest and southeast, the 
creek almost due northeast from the ridge to the bay. This division, as 
well as the next two, E. 12 and E. 13, have some of the characteristics of 
those on the western slope as has been pointed out on page 54. They are 
much larger than those which have been considered, the watersheds re- 
ceive a very much larger rainfall, are more heavily wooded, the streams 
are larger, and except in their lower courses in the valley, flow throughout 
the year. The watersheds are well protected from the ocean fogs and 
winds. This protection is afforded by their much greater distance from 
the ocean, and by the ranges to the west of the main ridge. A storage 
reservoir located in the mountains on the line between E. 11 and E. 12, 
gave an average chloride content of 9.44 parts per million with a very low 
seasonal variation. The streams above possible pollution showed the 
same small seasonal variation, and gave average values for the chloride 
content of 13.05, and 10.96, parts per million; below possible pollution 
the chloride content was about five parts per million greater. 

E. 12 — ^The conditions which have been described for subdivision E. 11 
apply also to E. 12, the region drained by Los Gatos Creek. In this latter 
case the area is larger, and the stream flow greater. The watershed is 
however inhabited, ranches are scattered over the whole area, and no 
samples from streams classed "A" were obtained. The chlorides in a 
number of streams graded "B" varied from 10.14 P^rts per million in the 
winter to 16.61 in the fall. 

E. 13 — Subdivision E. 13 is a large area, drained by two forks of the 
Guadaloupe River. Only the western fork was included in this investiga- 
tion. The conditions are similar to those described for E. 12, except that 
the upper part of the watershed is uninhabited and this stream may be 
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classed "A." Here the average chloride content was 10.25 parts per 
million, a "C" grade tributary gave on the average 11.99 and the main 
stream below probable pollution the average of 22.64 parts per million. 

W. I — Subdivision W. i, on the western slope, is so exposed to sea 
winds, fogs and spray that the conditions are distinctly abnormal. The 
distance from the ocean to the ridge is short, the hills are bare, wind-swept 
pastures. The streams are small, and flow only during the winter. Two 
streams and two springs were sampled, and the chlorides varied from 
41.8 parts per million in the winter to 62.02 parts per million in the fall. 
The seasonal variation in a stream was twelve, and in a spring was 
six, parts per million. 

W. 2 — Subdivision W.2 is more important, as it consists of the water- 
shed drained by San Pedro Creek and its tributaries. This stream has a 
fairly large flow the year through, and consequently the seasonal variation 
in the chloride content is very much smaller.* The watershed is unin- 
habited, and is protected on the south by a high ridge of mountains 
(elevation 1000-1500 feet) and on the north by the hills separating it from 
W. I. The chloride contents are among the lowest found on the western 
slope, and range between 21.80 and 28.80 parts per million. 

W. 3 — In subdivision W. 3 are grouped a number of small indepen- 
dent streams and their watersheds. They are all very much exposed to 
the ocean winds and fogs ; those in the southern rather more so than those 
in the northern part. The samples showed a somewhat abnormal season- 
al variation. The stream at Green Canyon averaged 42.11 parts per mil- 
lion, that at the "Italian ranch" 25.69, a spring at the same place 30.56, 
and San Vincent Creek, graded "C," 40.96 parts per million. 

W. 4 — The watershed of Deniston Creek and its tributaries forms 
the subdivision W. 4. The stream is a large one, but slightly exposed to 
pollution above the points of collection of the samples by several ranches 
and irrigating systems. A sample further up the stream was not obtained. 
At this point, graded "B," the average chloride content was 33.10 parts 
per million, and the value in the spring was seven parts higher than in the 
fall. 

W. 5 — The subdivision W. 5 includes a group of small independent 
streams and their watersheds. None of them carries any large amount 
of water. Only one was sampled, and, in the fall, a chloride content of 
79.2 parts per million was found. At this time the stream was very low, 



♦As has been pointed out on page 54, the greater rainfall on the western slope 
as compared with the eastern, results in a correspondingly smaller seasonal variation 
throughout the area. 
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SO that the hig^ value may be due to the season, and is probably not nor- 
maL 

W« 6— The area drained by Frendmian's Creek defines subdivision 
W. 6. This is a large stream, with a good flow tfarougfaoot the year. The 
watershed is rather long and narrow, and is somewhat protected from the 
ocean winds by the surrounding hills. Sanded at the diverting dam of an 
irrigating system an average chloride content of 27.27 parts per million, 
and the small seasonal variation characteristic of the western slope, were 
found. 

W. 7 — ^The watershed of Pilarcitos Creek and its tributaries forms 
division W. 7. The stream rises in the mountains between E. 3 and W. 4 
and W. 6, and is impounded by a dam, forming Pilarcitos Lake. This 
part of the watershed is exposed to the ocean winds from the northwest. 
As has been stated on page 55, the water from the lake is run into San 
Andreas Lake through tunnels and flumes. The average chloride content 
of the lake water was 19.19, and of a small tributary from the south 
flowing into the lake through a flume 23.23 parts per million. Below this 
dam the stream flows throt^h a narrow valley, is fed by numerous small 
tributary streams and springs, and is impounded again at Stone Dam. 
Here the water is again <tiverted into San Andreas Lake. The average 
chloride content of the water at Stone Dam was 24.21, and of a small 
tributary spring nearby 29.56 parts per million. Below this the stream 
flows on through a narrow valley with considerable forest growth to a 
point northeast of the town of Half Moon Bay, where it turns to the 
southwest and runs into the ocean. At this turning point the average 
chloride content was 37.45 parts per million. A tributary stream below 
this, sampled in the fall and above possible pollution, gave 27.85 parts 
per million. Another tributary several miles to the south, draining an 
inhabited valley and graded ''D," gave 42.41 parts per million of chlorides 
in the fall. 

W. 8 — Subdivision W. 8 is one of the group which contains thick 
forest growth. It is drained by Purisima Creek and its tributaries. A 
spring near the ridge, just west of King's Mountain House, showed an 
average chloride content of 14.02 parts per million. The stream itself, 
sampled in fall and spring only, gave an average of 28.53, ^^^^ ^ small 
tributary, sampled in the spring, 21.52 parts per million of chlorides. 
After the inflow of a large tributary somewhat exposed to pollution the 
chlorides in the main stream were 33.19 parts per million in the fall. 

W. 9— The subdivision W. 9 is a small one drained by Lobitos Creek. 
The watershed is bare pasture land, with little or no forest growth. The 
chlorides in the fall were 135.5 ^^^ in the spring 120.0 parts per million. 
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These very high values are not sufficiently accounted for by the possibility 
of slight pollution from one or two ranches, and from the cattle pastures, 
as other streams draining very similar country do not show any such high 
chloride contents. 

W. 10— The region drained by Tunitas Creek and its tributaries 
forms subdivision W. lo. Only the main stream, above all possibility of 
pollution, was sampled ; and here the average chloride content was 46.70 
parts per million. 

W. II — ^The subdivision W. 11 is a very large one, and consists of 
the entire region drained by San Gregorio Creek and its many tributaries. 
It is for the most part densely wooded with heavy forest growth, is not 
especially exposed to the ocean winds, and possesses those characteris- 
tics which have been described on page 54 in the discussion of the group 
W. 8 — W. 13. The following data were obtained from samples taken 
from tributaries. Harrington Creek, sampled winter and spring only, 
gave an average chloride content of 49.60 parts per million; a small 
stream tributary to La Honda Creek (three samples), a value of 29.51 ; 
La Honda Creek further down, graded "C," 39.62; and Alpine Creek, 
graded "C," gave 30.15, all expressed in parts per million. 

W. 12 — No samples were obtained from subdivision W. 12. It con- 
sists of a small area drained by Pomponio Creek. 

W. 13 — ^The extensive area drained by Pescadero Creek forms sub- 
division W. 13. This stream is the largest on the western slope, and 
flows throughout the year. The watershed is very heavily wooded with 
dense forest growth and has those characteristics of the western slope 
which have been described on pages 49 and 54. Samples taken from the 
streams above all possibility of pollution gave ah average value of 43.71 
parts per million of chlorides. A tributary, Peters Creek, gave the dis- 
tinctly higher value of 51.16 parts per million. Its watershed is less 
heavily wooded, and its situation on the western side of the main ridge 
exposes it to the ocean winds which blow up the valley. About three 
miles further down the main stream, above any possibility of appreciable 
pollution, the average chloride content was 38.66 parts per million. At 
the town of Pescadero, above the main bridge over the stream, the chlor- 
ide content in the fall was 49.9 parts per million. 

The values obtained for the chloride contents have been plotted on 
the accompanying map of the peninsula. The average of the values ob- 
tained at the three seasons has been used. When data for one or two 
seasons only had been collected, the average value was estimated, on the 
basis of the seasonal variation at neighboring points. These estimated 
values are given in round numbers, and are enclosed in parentheses on the 
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map. Curves, "isochlors," were then drawn through the points of equal 
chloride content. With the exception of a few springs, and two streams, 
these curves indicate the normal chloride values very satisfactorily. Six 
samples from streams, evidently polluted, or obviously affected by some 
abnormal condition, were omitted altogether. 

The map brings out clearly the remarkably large variation in the 
normal chloride content within a comparatively short distance. Two im- 
portant factors are emphasized, namely rainfall and sea winds. 

The resemblance between the paths of the lines of equal chloride 
content and of equal rainfall is striking. The region about Lake Pilar- 
citos, which has the restrictedly high rainfall of fifty inches, has the 
lowest chloride content within fifteen miles. San Pedro Creek, which 
drains this region on the north, has the lowest chloride content found on 
the western slope. Southwards, where the rainfall decreases, the chlor- 
ides increase, until another region of high rainfall is encountered. Here, 
again, the chloride content decreases. In the southern district the lines 
of equal chloride content do not coincide so closely with those of equal 
rainfall as they do in the northern region. This may be due to two 
causes : First, the sheltering effect of the mountains, which would tend 
to displace the low value "isochlors" to the eastward; and, second, in- 
complete data. The region to the south and southwest of Black Mountain 
is uninhabited and not easily accessible. When data is this district have 
been obtained the low "isochlors" may be deflected more to the southwest, 
towards the point of maximum rainfall. 

Superimposed on this rainfall factor is that of the sea winds. The 
effect of this latter is both general and local. The general effect is seen 
in the diflference between the lowest chloride contents in the regions of 
highest rainfall. Around Lake Pilarcitos, rainfall fifty inches, the lowest 
chloride found was nineteen parts per million; around Black Mountain, 
rainfall thirty-five inches, the lowest is fourteen parts per million, and 
south of Los Gatos, rainfall about forty inches, the lowest is ten parts per 
million. This general decrease in the chloride content from north to 
south may be considered to be the result of the more complete shelter from 
the sea winds afforded by the main ridge. 

This "sea-wind" factor is especially prominent locally at the follow- 
ing points. In the San Pedro Valley the "isochlors" are deflected to the 
southeast, against increasing rainfall; here the sea winds sweep up the 
valley with unchecked force. North of San Andreas Lake, division E. i, 
the "isochlors" are deflected away from the ocean. This region is espec- 
ially exposed to the ocean winds and spray. In the valley west of Half 
Moon Bay the "isochlors" recede from the ocean ; here again the ocean 
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winds sweep up the valley and over the pass described in considering 
division E. 3. The same effect is noticed in the San Gregorio Valley, and 
its absence is marked in the case of the Pescadero Valley where a high 
range<to the north affords protection. On the eastern side an instance is 
seen at the head of Corte Madera Creek, northwest of Black Mountain. 
This is at the "southern pass" described on page 57, division E. 5, and 
the marked deflection of the "isochlors" is apparent. 

A little further north a pinching together of the two sides of the 
twenty parts per million "isochlor" at the point of the lowest, middle 
pass of division E. 5 is apparent. South of this the general protection 
afforded by the main ridge eliminates any local effect. 

It will be interesting to note whether, as work of this character is 
extended to larger regions along the Pacific coast, the general influence 
of the rainfall, and the general as well as local influence of the sea winds, 
retain the position of prime importance which is indicated by this inves-^ 
tigation. 

Hardness. 

As a class all the waters sampled were very hard. This is not a local 
peculiarity, but is generally true of all the waters of the Western states. 

The total hardness varied irregularly with the seasons, but was often 
highest in the fall, lowest in the winter, and intermediate in the spring. 
On the eastern slope the total hardness was generally between two htm- 
dred and two htmdred and fifty parts per million (expressed in terms of 
calcium carbonate), for streams, and between fifty and one hundred and 
twenty for reservoirs. On the northern part of the western slope the 
total hardness was less, sometimes as low as thirty parts per million, but 
increased in the southern part to about the same values as on the eastern 
side. The springs were generally low in total hardness. The temporary 
hardness likewise varied greatly. The general range for streams was 
from one hundred and fifty to two hundred and fifty parts per million 
(expressed in terms of calcium carbonate) ; it was lower in reservoirs 
(40-120), lower in the streams on the northern part of the western slope, 
and lower in springs. The permanent hardness ranged in general from 
twenty to fifty. It was lower in the reservoirs, higher in the streams on 
the northern part of the western slope, and higher in the springs. Free 
alkaline carbonates appeared in waters from different sources at irregular 
intervals. The amount seldom exceeded thirty parts per million. 

Total Solids. 
The total solids were on the whole high. In streams the value was 
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generally between two hundred and three hundred parts per miHioo. 
Those in the southern part of the western slope gave as high as four 
hundred to five hundred parts per million. Springs and reservoirs were 
generally between one hundred and two hundred parts per million. The 
high values for total solids as well as for hardness, as compared with 
Eastern waters, are due to the influence of the same factors that bring 
about the high chlorides, namely the smaller rainfall, and the long summer 
period of weathering with little washing away of the resulting materials. 

Wblls. 

Samples were collected from fifteen deep wells on the floor of the 
Santa Qara Valley. These are typical of the large number which provide 
the water supply of this relatively thickly populated region. They all 
lie in a belt which follows the shore of the bay and are from one hundred 
yards to two miles distant from the marsh line. All are bored and cased 
wells of considerable depth, that is from one hundred to five hundred 
feet. They are abundantly supplied from underground sources, but 
their relation to the streams of the peninsula is as yet somewhat uncertain. 
The wells are ''artesian" in the sense that, if not drawn upon too heavily, 
the water flows out of the top of the boring with considerable force. The 
data obtained are not considered sufficient to warrant the drawing of any 
important conclusions, and it is the intention of the writer to extend this 
work in this direction in the future. The results are summarized in the 
following paragraphs. 

Many of the wells contain large amounts of free ammonia. The 
values obtained varied from none to 0.228 parts per million. The album- 
moid ammonia results were lower, varying from none to 0.080 parts per 
million. No fixed relation between the two ammonias could be observed, 
nor did the absence of the one coincide with the presence or absence of 
the other. Nitrites were generally absent, and not often over 0.005 parts 
per million. One well, from which five samples extending over one year 
were taken, gave an average of 0.021 parts per million. Their presence 
at all seasons seemed characteristic of certain wells, and their absence of 
others. Nitrates were generally absent, but appeared regularly in certain 
wells. The amount was generally below 0.50 parts per million, the max- 
imum was 1.40 parts per million. The chloride content varied widely, 
the range being from fifteen to two hundred and fifty-eight parts per 
million. Omitting the three highest values the range was from fifteen to 
forty parts per million. As pollution seems out of the question in wells of 
this class the explanation of the high chloride content must be sought in 
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either the source of the water, if it can be determined, seepage through 
marine deposits, or infiltration of salt water from the bay. The wells in 
the southern part of the field showed the lowest chloride contents ; with 
an average of between fifteen and twenty parts per million. 

The water from most of the wells was very hard, the total hardness 
being generally about two hundred parts per milli(ui, and the temporary 
only a little less. The highest permanent hardness was 25.3 parts per 
million. Free alkaline carbonates were common (found in fifteen out of 
twenty-five samples analyzed) and were generally between forty and 
seventy parts per million. Well No. 12 was abnormal and contained: 
temporary hardness 77.2, free alkaline carbonates 146.0 parts per million 
expressed in terms of calcium carbonate. The total solids were high, 
ranging from 264 to 688 parts per million. 

The seasonal variation was apparent, but small. The free and 
albuminoid ammonia, and nitrites, varied irregularly. The nitrates, in 
those wells which always contained a small amount, were highest in the 
winter. The chlorides decreased in the winter to about two parts per 
million below the fall values, and increased a corresponding amount in 
the spring. The total and temporary hardness generally increased a 
little during the winter months, while the permanent hardness and free 
alkaline carbonates fluctuated irregularly. In the winter the total solids 
were a little higher than during the fall and spring. 

Summary. 

The object of this investigation is to determine the normal constitu- 
ents of the potable water of the San Francisco peninsula, from a sanitary 
point of view, and before the growth in the population aflFects too serious- 
ly the natural purity of the water supplies. The significant constituents, 
and the interpretation of water analyses, are discussed briefly. The area 
studied included approximately six hundred and seventy-five square 
miles lying south of Baden station on both sides of the peninsula. This 
was divided into twenty-six subdivisions, thirteen on each side. The 
characteristic topographical and dimatological features of the r^on are 
described in detail. Especial emphasis is laid on the distribution of the 
rainfall, the presence of the strong ocean ''trade winds,'' both of which are 
peculiarly characteristic of the Pacific coast of California, and on the re- 
sulting, very marked, seasonal variation in the constituents of all the 
waters. 

A careful, personal, survey was made of each watershed, and the 
points of collection were chosen with especial r^ard to the importance of 
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obtaining as nearly unpolluted water as possible. The sources sampled 
were classified in the field according to their probable purity. The 
sampling and the analytical work were done by the writer personally in 
accordance with the standard methods in general use. Since the usual 
phenol sulphonic acid method for the determination of nitrates was known 
to be unsatisfactory in the presence of large amounts of chlorides, a 
special study of the methods available for this determination was under- 
taken. 

The detailed results of this study of the availability of the phenol 
sulphonic acid method, of the reduction method, and of their relative 
efficiency are given, and lead to the following conclusion. "For waters 
containing large amounts of chlorides the nitrogen present as nitrate may 
best be determined by the 'reduction method,' using the copper-zinc 
couple and oxalic acid. If the result of the determination indicates a 
nitrc^en content in excess of five parts per million, the determination 
should be repeated, using the phenol sulphonic acid method, and standi 
ards prepared according to Mason's suggestion." With low nitrates the 
error may be as much as ten per cent, with twenty parts per million or 
over the error should not exceed three per cent. 

The analytical data obtained from two hundred and forty samples 
are given in a table. These samples were taken from one hundred and 
twenty-six points of collection, from fifty-three of which at least three 
samples at the three characteristic seasons of the year, namely fall, winter, 
and spring, were collected. Of these samples one hundred and three 
were analyzed for chlorides only. In addition thirty-three samples were 
collected from fifteen deep wells, of which eight were analyzed for chlor- 
ides only. A map is given, on which are shown the several watersheds, 
the subdivision ntunbers, the points of collection, and the laboratory 
number of a sample from each point of collection. The analytical results 
obtained for each constituent are considered separately. 

The turbidity, sediment, color, odor, and change of residue on igni- 
tion are fotmd to be of minor importance in dealing with this class of 
waters, and without influence on the more important constituents. 

The free and albuminoid ammonias varied both in quantity and in 
type of seasonal variation with the character of the vegetation on the 
watersheds. The extreme values at any season or on any watershed that 
should be passed without suspicion are set for free ammonia at 0.050 and 
for albuminoid ammonia at 0.160 parts per million in the case of streams. 
For clean reservoirs the limits are 0.030 for free, and 0.150 for albumi- 
noid, ammonia. The data for springs are not conclusive. 

Nitrites were generally absent, especially in the fall and spring 
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months. The maximum values, in the winter are, for streams o.cx)3, and 
for reservoirs 0.006 parts per million. The small number of springy 
examined did not afford conclusive data. Only small amounts of nitrates 
were found in any but exceptional waters. The normal values for streams 
are, in the fall, none, to 0.15, in the winter and spring a trace to 0.75 parts 
per million. The data for reservoirs lead to the same conclusions, and 
for springs are not conclusive. 

The chlorides were determined with especial care, and the results 
obtained in each subdivision are treated separately, and the influence of 
local conditions is emphasized. Samples were collected from one 
hundred and twenty-six points of collection. From fifty-three of these 
points at least three samples at the three characteristic seasons of the 
year, namely, fall, winter and spring, were taken. The results show the 
exceedingly high chloride content of these waters as compared with those 
of the Eastern states. The normal values ranged, according to g^ogmph- 
ical location, from ten to fifty parts per million. This high chloride con- 
tent is characteristic of the waters of the Pacific coast, and is due to the 
influence of two factors, namely the rainfall and the ocean winds. The 
rainfall is in general much less than that of the Eastern states, is almost 
entirely confined to the winter months, and leaves a long summer period 
with practically no rainfall, and consequently no washing or rinsing of 
the ground. The ocean winds are far greater in force and frequency 
than any met with in the Eastern states. The ''trade winds'' blow over the 
ocean from the northwest day after day, with dock-like regularity, 
throughout the summer months, and with considerable violence. The 
regularity and force of these winds is shown by the marked bending 
towards the southeast of the oak trees growing in the more exposed 
places. These winds carry to the land ocean fogs, and large amounts 
of salt in the form of impalpable dust, the product of the evaporation of 
the spray thrown into the air by the "white-caps" and the long, unbroken 
line of heavy surf. The results of the analyses were mapped, and 
"isochlors" were drawn. These curves coincide satisfactorily with the 
data collected, and show clearly the general influence of the variation in 
rainfall, and the general as well as the local influence of exposure to the 
sea winds. The seasonal variation was found to be great, and to vary 
with local conditions. The highest values occur in the fall, the lowest in 
the winter, and the intermediate in the spring. 

The waters were all very hard; as much as two hundred and fifty 
parts per million in streams and one hundred and fifty in reservoirs was 
not uncommon. The temporary hardness varied from one hundred and 
fifty to two hundred and fifty parts per million in streams and from 
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forty to one hundred and twenty in reservoirs. The permanent hardness 
was lower, seldom over fifty parts per million in streams, and less in 
reservoirs. Free alkaline carbonates appeared in all classes of waters at 
varying seasons, but the amount rarely exceeded thirty parts per million. 
The total solids ranged between two hundred and four hundred parts per 
million in the streams, and between one hundred and two hundred in the 
reservoirs. The springs were between the limits for streams and reser- 
voirs. These high values are due, as has been pointed out in the case of 
the chlorides, to the relatively small rainfall, and long rainless summer 
period of weathering without any washing of the surface of the ground. 
The data on the wells are discussed separately, and are considered to 
be inadequate. It is hoped to supplement them in the future. Fifteen 
typical wells were taken from the ^'well belt" which borders the southern 
shores of San Francisco Bay. As a class they showed high free ammonia 
(maximum 0.228 parts per million) lower albuminoid ammonia, absence 
of any fixed relation between the two, and irregular seasonal variation. 
Nitrites and nitrates were generally absent, but always present in certain 
particular wells in amounts as large as 0.021 parts per million of nitrite 
and 1.40 of nitrates. The chlorides varied over as large a range as did 
those for the streams. The average in the southern part of the district was 
between fifteen and twenty parts per million, and increased in the 
northern. The hardness and total solids were about the same as for the 
streams. The seasonal variation of all the constituents was less marked 
in the wells than in the streams. 

This investigation was undertaken at the suggestion, and was carried 
out under the inspiration and direction, of Dr. John M. Stillman, Pro- 
fessor of Chemistry at this University. 

The writer wishes to acknowledge the courtesy of Captain A. H. 
Payson, who during his presidency of the Spring Valley Water Co. ex- 
tended the privilege of sampling the supplies of the company ; and of Dr. 
William Simpson, Health Officer of Santa Clara County, who extended 
authority to make the necessary local inspections. 
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